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1 nManagement of Osteoarthritis
Chapter One
Osteoarthritis and its Management
J. haxby abbott, phD, Dpt, FnZCp
Research Associate Professor, Centre for Musculoskeletal Outcomes Research
Dunedin School of Medicine, University of Otago, New Zealand
Introduction
Epidemiology
Osteoarthritis (Oa) is among the most common presentations in musculoskeletal 
care,1 with hip and knee Oa the most common forms of Oa. In any one year 
approximately 5% of the total adult population age 55 years or older will consult 
their family practice doctor or other primary health practitioner about knee 
Oa.2 
the prevalence of Oa increases with age: it affects around 10% of adults aged 
35-45 years, over 40% of adults 45-55 years, rising rapidly in older adulthood to 
over 80% in those older than 75 years.3,4 as the population distribution of many 
countries is ageing, by the middle of this century we will see the proportion of 
people age over 65 years increase to around a quarter of the overall population, 
while the number of people over 85 will quadruple. this ‘grey tsunami’ will have 
a dramatic effect on the prevalence of Oa. 
As a highly prevalent and painful condition, OA has a significant impact on the 
nation’s health and disability burden.3,5 Of all conditions presenting in primary 
care, it has one of the greatest effects on overall impaired physical health.1 this 
combination of high prevalence and high disability burden makes Oa the single 
greatest cause of disability in adults.2 With an increasing number of working-
age adults suffering Oa, there is an increasing disability burden on society 
resulting from lost productivity, other indirect financial costs, and premature 
death.4  helping to manage the Oa with effective non-surgical care is therefore 
especially important for a ‘grey tsunami’ future.
Etiology
Osteoarthritis is the most common form of arthritis. Oa can be primary, or 
can be secondary to trauma or other joint disease. the disease process of Oa 
is characterised by progressive structural joint changes, including degeneration 
and loss of articular cartilage. the limited early understanding of Oa as a ‘wear 
and tear’ disease of the cartilage, associated with ageing has been overturned, 
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and it is now accepted that Oa is a disease of the whole joint, associated with 
adverse biomechanical forces.6  It is now clear that Oa is a complex, active 
disease process involving the bone, cartilage, synovium, ligaments and muscles 
supporting and surrounding the affected joint.
Osteoarthritis is primarily a disease of pathomechanics.7 It develops as a 
result of biomechanical insult to the cartilage and underlying bone, causing 
degeneration at a faster rate than the body is able to repair it. While heritable 
genetic and dietary factors play a role in susceptibility to Oa, these are wholly 
overwhelmed by the dominant role of mechanical factors. 7 the abnormal 
stresses leading to joint degeneration can be either or both focal and general. 
examples of focal stresses are those caused by congenital or acquired joint 
incongruity, such as meniscal defects or joint dysplasia. examples of general 
adverse joint stresses are overweight and obesity, or excessive loading imparted 
by certain work- or sport-specific demands. These mechanical factors can act 
individually or in concert.
Focal and general pathomechanical stresses cause surface damage, matrix 
disruption, proteoglycan loss, and chondrocyte death.6  Degeneration of the 
internal joint structure leads to altered joint kinematics and loss of function.8,9 
Kinematics of the joint are affected by joint capsule contracture, loss of peri-
articular flexibility, and increased intracapsular pressure.9-13 pain and disability 
have been shown to be associated with increased intracapsular pressure, altered 
joint kinematics and impaired muscle function.13,14 
the body’s response to this imbalance between the mechanical forces acting 
on the joint, and the ability of the cartilage to withstand them, is manifest not 
only in various microscopic and macroscopic features of the cartilage, but also 
in the subchondral bone, synovium, capsule, ligaments and the muscles acting 
across the joint. age is certainly a risk factor associated with Oa, but the exact 
mechanism is unknown. Studies point to a generally reduced healing capacity of 
the joint tissues and the accumulation of mechanical risk factors over years of 
life. 6
Prognosis and Progression of OA
the course of Oa is heterogeneous: it ranges from asymptomatic (as an 
incidental finding on medical imaging) to rapidly progressive disease resulting in 
structural joint failure.6 
It is important to note that in its early, mild to moderate stages, the 
long-term outcome of the disease is not inevitable worsening. research 
in population cohorts and in early hip or knee Oa has shown that around 
¼ of people with symptoms of early Oa will worsen, around ½ will remain 
unchanged, and around ¼ will improve or resolve.15  In most cases the course 
of the disease is relatively slow, with very little change in the first 3 years, and 
worsening progression after more than 3 years follow-up.16 at the individual 
level, however, there is considerable variation. although there is no cure for 
OA, treatment can be targeted to alleviating symptoms and changing modifiable 
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risk factors for progression.6,17 there is considerable potential for reversing the 
cellular and structural damage of Oa by decreasing adverse mechanical factors, 
optimizing supportive and advantageous mechanical factors, and ensuring the 
best conditions for the body’s natural constructive metabolism to turn over and 
lay down new tissue.
Left unmanaged, or managed poorly, Oa can become a chronically painful, 
disabling condition that can result in a cascade of effects, described by Gruber 
and hunter as a comorbidity matrix (Figure 1).18
Figure 1: Osteoarthritis co-morbidity consequences cascade and feedback loops. Optimal, integrated 
care drives the comorbidity matrix down, and outcomes up. (adapted from Gruber and hunter18 
and reproduced with permission from the Clarity Group).19
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progression of knee Oa has been shown to be associated with varus knee 
(mal)alignment and obesity.20 patients presenting at an older age, with worse 
radiographic features, and with Oa at multiple joints are more likely to experience 
greater disease progression.20  Muscle weakness, not only at the quadriceps but 
also of hip muscles, has been shown to be associated with knee Oa.6  On the 
positive side, there is strong evidence that exercise, physical activity and sports 
participation are not associated with disease progression, and some evidence 
that they are protective.20 
In hip Oa, patients presenting at an older age, with higher levels of pain and 
functional limitation, and with worse radiographic features are more likely to 
experience greater disease progression.21  Femoroacetabular impingement is an 
example of congenital joint incongruity associated with focal cartilage damage. 
Overweight and obesity are not strongly associated with progression of hip Oa, 
whereas they are in knee Oa.20,21  On the positive side, exercise therapy has 
been shown to delay or prevent the need for hip joint replacement surgery.22,23
Further to prediction of disease progression is prediction of outcome from 
intervention. there is only preliminary evidence that there may be patient-
related factors that help predict outcome from physical therapy interventions in 
patients with knee OA, but these remain unconfirmed.20,24,25
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The first such study, in patients with knee OA, indicated that favorable 
response to manual therapy treatment of the hip joint may be indicated by 
the presence of one or more of 5 variables: hip or groin pain or paresthesia, 
anterior thigh pain, passive knee flexion less than 122 degrees, passive hip medial 
(internal) rotation less than 17 degrees, and pain with hip distraction.25  Based on 
the pretest probability of success (68%), the presence of one variable increased 
the probability of a successful response to 92% at 48-hour follow-up, while 
presence of 2 variables increased the probability of success to 97%.25 
a later study of patients with knee Oa receiving exercise therapy and/
or manual therapy indicated that 6 criteria may be predictive of a successful 
outcome26:  posterior knee pain; duration of symptoms (> 5 years); female sex; 
instability affecting activity; disturbed sleep; and absence of previous knee injury.26 
presence of four predictor variables nearly doubled the post-test probability of 
success, from 35% to 58%. If less than three predictor variables were present, 
post-test probability of success decreased to 21.5%.26 
a similar study of patients with hip Oa receiving exercise therapy and/or 
manual therapy reported preliminary definition of a cluster of baseline variables 
that may identify patients with hip Oa more likely to respond positively to 
physical therapy interventions.24 that study found that combinations of unilateral 
hip pain, age <58 years, pain >6/10, a time of <25.9 seconds on a 40m fast-paced 
walk test, and duration of symptoms <1 year were associated with a favorable 
response to physical therapy treatment in patients with hip OA (defined by 
the OMeraCt-OarSI criteria.)27,28  When at least 2 out of those 5 predictor 
variables were present, the probability of a successful response to physical 
therapy doubled from a pre-test probability of 32% to a post-test probability of 
65%. presence of >3 predictor variables increased the post-test probability to 
>99%.24 
however, it must be emphasized that these are preliminary studies that must 
be successfully validated in future research before they can be confidently used 
in clinical practice. It should be noted that the variables identified differs among 
these studies, which may be a warning sign that some or even all may be chance 
findings that do not withstand the scrutiny of subsequent validation studies. 
Indeed, a recent study of patients with hip Oa, receiving exercise therapy and/
or manual therapy, found four baseline variables were predictive of a positive 
outcome at 9 weeks: male sex, pain with activity (<6/10), Western Ontario and 
McMaster Universities Osteoarthritis Index physical function subscale score 
(<34/68), and psychological health (hospital anxiety and Depression Scale score 
<9/42), but no predictor variables were identified at the 18-week follow-up.29  It 
is notable that the only comparable variable revealed in the two hip Oa studies 
was the patient-reported pain level, with directly opposite findings: one found 
that pain >6/10 was associated with treatment success,24 while the other found 
pain with activity <6/10 was associated with success.29  These disparate findings 
highlight the danger of accepting any findings from the preliminary development 
of clinical prediction rules until they have been reproduced and independently 
verified.30
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Clinical Presentation
Oa generally presents as pain at or about the joint, impacting quality of life, 
with reported and clinically evident functional limitation. Clinical features of the 
patient with osteoarthritis include pain, stiffness and loss of motion of the affected 
joint, loss of muscle strength, decreased flexibility of muscles about the joint, loss 
of aerobic capacity, disability and weight gain.8,9  the pain experienced is of two 
quite distinct types: intermittent, intense pain of relatively short duration; and 
chronic, persistent ache. typically, the patient experiences three clinical stages:6,31
• Stage 1 characterizes early OA: discrete episodes of predictable, sharp 
pain associated with biomechanical stresses, such as turning or bending 
movements during sport or work. although acutely painful, these 
intermittent events have relatively little effect on function but eventually 
limit high impact activities.
• Stage 2 or mild OA: the joint pain becomes more constant and begins to 
affect daily activities. the joint is often reported to feel stiff after inactivity, 
e.g. upon waking and after periods of sitting. the joint pain may become 
more unpredictable and may be accompanied by locking or the sensation 
of ‘giving way’.
• Stage 3 or advanced OA: the pain becomes more constant--dull, and 
aching in nature – punctuated by intermittent, unpredictable episodes 
of intense pain. the unpredictable exacerbation of pain is distressing and 
exhausting, and results in significant functional limitations.
presentation is, however, widely variable with respect to the severity of pain, 
functional limitation, and radiographic evidence. 
It is common for patients to present with Oa already at Stage 2. In some 
cases, the patient has discussed dull or intermittent hip or knee pain with his 
or her family practice doctor, but referral to physical therapy rarely occurs.32 
patients often do not seek care from private providers due to inadequate 
understanding of the disease and what can be done to alleviate and manage it, 
access to insurance- or publicly-funded treatment is often limited or unavailable, 
and out-of-pocket costs further limit uptake.33  For the small proportion accessing 
physical therapy, current physiotherapist practice typically does not comply with 
that seen in the successful trials underpinning Oa clinical guidelines.34,35 
as the patient endures Oa for longer, many patients become anxious, 
fearful of falling or of the leg giving way, and develop low mood.31  Sleep is 
often negatively affected. Depression is a common consequence of both the 
unremitting nature of the joint achiness, sleep loss, fear of worsening, and the 
limitations to work and social participation. In our research, around 50% of 
patients revealed evidence of depression, and loss of confidence was a strong 
theme in qualitative interviews.36 
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It is important to recognise that the symptoms and limitations affecting 
patients are manifold, including a poor or inaccurate knowledge of the causes, 
effects, and course of the disease, pain of two distinct types, movement 
impairments, limitations of physical function, limitations to social and 
occupational participation, and significant psychological ramifications. Clearly, a 
holistic assessment and multimodal management plan are necessary, and this is 
largely within physical therapists’ scope of expertise.
Clinical Examination
Diagnosis
The main clinical findings are reduced range of motion, tenderness, crepitus, 
bony swelling, and deformity. Diagnosis of OA can be made confidently on the 
basis of clinical signs and symptoms alone.6 
Evidence-based diagnosis of knee osteoarthritis has been defined in many 
national and international clinical practice guides.37-39  the most established are 
the american College of rheumatology (aCr) criteria.37,38,40  the 1986 aCr 
clinical criteria for knee Oa state that clinical diagnosis can be made with 
confidence on the basis of knee pain present on most days for greater than one 
month, plus 3 of the following 6 criteria: age > 50 years, morning stiffness of < 
30 minutes, crepitus on active movement, tenderness of the bony margins of the 
joint, bony enlargement of the joint noted on exam, lack of palpable warmth of 
the synovium.37  These criteria have a sensitivity of 95% and specificity of 69%. 
as an example, based on these criteria, a subject who is less than 50 years but 
has knee pain and 3 of the other 5 criteria would also be classified as having 
knee Oa. the 1991 aCr clinical criteria for hip Oa are either: hip pain present 
on most days for greater than one month, plus hip flexion limited to <115° 
and hip internal rotation limited to <15°; or hip pain with internal rotation, plus 
morning stiffness of <60 minutes duration, and age 50 years or older.40  the use 
of these clinical criteria has the additional benefits of avoiding unnecessary costs 
and exposure to ionizing radiation that occur with radiographic assessment of 
knee Oa.
In many cases, radiographs may be available. While these may be useful to 
gauge the extent of joint structural loss, and help estimate prognosis, radiographs 
are unnecessary for the physical therapist’s diagnosis or treatment planning.39 
It is also worth noting that radiographs can be misleading, as some people 
with radiographic evidence of Oa remain asymptomatic, and others can have 
significant symptoms but no radiographically evident disease.
a weakness of the 1986 american College of rheumatology criteria37,38 is 
that they were developed using hospital-referred patients, which may introduce 
bias in application to a primary care population. the more recent 2010 european 
League against rheumatism (eULar) guidelines for the diagnosis of knee Oa 
used systematic review evidence, and ensured optimal generalizability to the 
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primary care setting by emphasizing evidence from primary care and from 
population-based studies.39 41,42  the research evidence supporting the accuracy 
of each individual clinical sign or symptom indicates that none are strong enough 
alone to support a diagnosis of Oa. Diagnostic strength is expressed as the 
likelihood ratio for a positive test. a test with a likelihood ratio (Lr) of 1 makes no 
contribution at all – it is completely uninformative – while an Lr from 2 to 5 
is modestly strong, greater than 5 moderately strong, and greater than 10 very 
strong. The LR for each these findings are of modest strength (Table 1), but 
cumulatively they become powerful when 3 or more are present.37-39  Joint-
line tenderness and pain on patella-femoral compression were also considered 
informative signs, but no statistical Lr was available. the eULar guidelines 
conclude that the three most informative symptoms (persistent knee pain, 
limited morning stiffness and reduced function) and three most informative signs 
(crepitus, restricted movement and bony enlargement) could diagnose knee Oa 
with an estimated probability of 99%, when all six symptoms and signs were 
present (assuming a patient aged >45 years and the background prevalence of 
knee Oa in adults is 12.5%).39
Table 1: Accuracy of clinical findings for the diagnosis of OA. (Adapted from the EULAR 
recommendations, 2010).39
 
 
History: 
� Age 50 or over has a likelihood ratio for a positive test (LR+) of 1.20 
� Knee pain has been present for most days of the past month (defined as 
‘persistent’) has a LR+ of 1.67 
� Knee pain is ‘usage-related’, i.e. it gets more painful following home-life, 
occupational or sporting usage, has a LR+ of 1.16  
� Morning stiffness that lasts ≤30 min., has LR+ of 1.84 
� Report of a feeling of the knee ‘giving way’, has a LR+ of 1.25 
Physical tests: 
� Palpation of crepitus with AROM has a LR+ of 2.23 
� Bony enlargement has a LR+ of 11.81 
Measures of impairment, functional limitation: 
� Restricted ROM has a LR+ of 4.4 
� Functional limitation, by patient history or as indicated by, for example, the 
WOMAC, has a LR+ 1.5 
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More succinctly, a clinician can confidently make a working diagnosis of hip 
or knee joint Oa on the basis of 3 simple criteria 43: 
• Persistent joint pain that is worse with use
• Age 45 years and over
• Morning stiffness lasting no more than half an hour
These criteria do not provide a definitive diagnosis, but do provide an entirely 
adequate working diagnosis for the provision of primary care and other physical 
therapy outpatient care, in the absence of signs or suspicion of alternative 
diagnoses (table 2). all diagnosis is subject to uncertainty: presence of other 
signs and symptoms mentioned in the aCr and eULar criteria, above, increases 
the level of diagnostic certainty.
table 2: Differential diagnoses that should be considered. 
 
Differential Diagnoses 
The following differential diagnoses should be considered:  
• Acute injury: meniscal tear, cruciate or collateral ligament tear 
• Rule out if not acute, and if there is an insidious history of onset; no 
report of ‘locking’; or negative diagnostic tests. 
• Other common musculoskeletal conditions 
• E.g. patellar tendonitis, patellofemoral pain syndrome, pre-patellar 
bursitis, pes anserinus bursitis, semimembranosis bursitis, iliotibial 
band friction syndrome 
• Inflammatory arthritis, primarily Rheumatoid Arthritis, pigmented villonodular 
synovitis 
• Rule out if not hot or swollen (in OA the joint may be slightly warmer 
than usual, but not hot). 
• Gout 
• Rule out if not hot or swollen (joint was warmer than usual, but not hot), 
not intensely painful 
• Osteochondritis dissecans 
• Risk factors: most common in young men, adolescents and children; 
assess history of locking, movement block, swelling. 
• Avascular necrosis 
• Risk factors: long term steroid use, excessive alcohol use, blood 
clotting disorders.  
• Infection 
• Rule out if not hot or swollen (joint was warmer than usual, but not hot), 
long insidious onset 
• Tuberculosis of the bone (femur) 
• Rule out if no history of living in high risk geographic area 
• Referred knee pain from hip osteoarthritis 
• Cleared by clinical examination 
• Referred hip or knee pain from the lumbar spine 
• Cleared by clinical examination 
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Assessment 
Best-practice management of Oa, as recommended in rigorous clinical practice 
guidelines,44,45 should begin with a holistic, multi-faceted assessment that identifies 
the salient problems and modifiable risk factors present for each individual, and 
serves to direct targeted interventions. the assessment should include age, sex, 
sociodemographic, psychological and social factors (anxiety, depression, self-
efficacy, fatigue and social support), cognitive and visual impairments, general 
health comorbidity and overweight, health behaviors, physical activity, injury 
history, physical impairments (pain, stiffness, reduced muscle strength, laxity of 
the knee joint, proprioceptive inaccuracy, history of locking or giving way of 
the limb, poor standing balance and impaired range of joint motion), and level 
of optimism/pessimism for improvement, as all of these are associated with 
outcome.46 
Validated, self-reported questionnaire instruments represent the optimal 
method of assessing pain and physical function. the Western Ontario and 
McMaster (WOMaC) osteoarthritis index is the most widely used and 
validated outcome measure for assessing pain and physical function in patients 
with osteoarthritis. It includes pain, stiffness, and physical function subscales; the 
greatest number of items is in the ‘function’ subscale.47,48 the minimum important 
change is considered around 15% change from baseline score for physical 
function and around 20% change for pain.49 the Lower extremity Functional 
Scale can also be used.50,51 recent reports also support use of the patient-
Specific Functional Scale (PSFS).52-54  a pain rating index is also recommended,55 
if not explicitly covered already by, for example, the WOMaC. Information 
on outcome measures for osteoarthritis is available at: http://www.oarsi.org/
research/outcome-measures. 
Because of the prevalence of depression in older adults presenting to 
physical therapy with musculoskeletal conditions,56 and particularly high risk in 
osteoarthritis,31,36 screening for mood and psychological function is indicated. 
the two question depression screen is a quick and sensitive way to screen 
patients for the presence of clinically relevant depression.57,58 In the event of a 
positive result, a third question is recommended, regarding the patient’s wishes 
to discuss the issues with another health professional.59 the physical therapist 
must have a policy in place regarding how to deal with positive screening results. 
Communication with/referral to the patient’s referring doctor should notify the 
doctor about the screening test result and its meaning.
Psychological function in the domains of self-efficacy, fear-avoidance, anxiety 
and catastrophizing have an effect on outcomes in hip and knee Oa.60  Many 
instruments can assess these. the pain beliefs screening instrument (pBSI) is one 
tool that can efficiently be used to assess pain intensity, disability, self-efficacy, 
fear avoidance, and catastrophizing.61,62  pBSI is a screening instrument that 
has been shown to be sensitive to elevated levels of pain intensity, disability, 
self-efficacy, fear avoidance, and catastrophizing that may require additional 
or modified intervention (such as a cognitive behavioral therapy approach to 
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exercise therapy) or referral to another health professional for co-therapy.61,62 
again, the physical therapist must have a policy in place regarding how positive 
screening results will be addressed – whether by adjusting the treatment plan 
and/or by referral.
the physical therapist should also take a medications history, as clinical 
practice guidelines have established that medications are an important second-
line of intervention for Oa, and patients are very often not utilizing these 
optimally, whether by not being on an optimum plan or not following the plan as 
prescribed. again, the clinician needs to be prepared to intervene by counseling 
and educating the patient and/or referral. although it is outside the scope of 
practice, in most jurisdictions, for physical therapists to prescribe or be perceived 
to be recommending medicines, it is reasonable to provide education to patients 
regarding the purpose of the medications they have already been prescribed 
by their physician, about the concepts of attaining and maintaining therapeutic 
levels of medication in the bloodstream, duration of effect, relative effectiveness 
of each medication prescribed, and to counsel patients on adherence.63-65 
physical performance tests are recommended in the assessment of all 
patients with hip or knee Oa. a consensus study has established a core set 
of recommended physical performance tests endorsed by the Osteoarthritis 
research Society International (OarSI) and are intended to be complementary 
to self-report measures.66 these are:
• the 30-second chair stand test 
• 40m fast-paced walk test
• a stair climb test 
• the timed up-and-go test and 
• six-minute walk test
 
The first three tests are recommended as a minimal core set of tests that 
should be used as performance-based outcome measures in Oa research and 
clinical practice. the latter two tests are commonly used in clinical practice and 
research in Oa as well as other health conditions affecting older adults.66  the 
timed up-and-go test encompasses more than one activity dimension, including 
transitions between sit-to-stand, walking short distances, balance and turning 
while walking, so can be considered a multi-dimensional ambulatory transitions 
test. this makes it very useful for assessing physical function in non-surgical 
patients with Oa. the six-minute walk test was considered the best available 
test of walking over long distances, but does require more time and physical 
space to perform. Instructions and instructional videos are available at: http://
www.oarsi.org/research/physical-performance-measures.
The consensus study was unable to recommend a specific stair climb test 
due to lack of sufficient data in the literature. Assessment of stair climbing is 
an important safety consideration, and is often important to patients’ physical 
function, however a subsequent study suggests that timed stair climb tests may 
not be sufficiently responsive to change to be useful as an outcome measure.67
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Key impairments of physical function that should be assessed include:
• quadriceps and hamstrings muscle strength and length
• hip abductor, extensor, flexor, and rotator muscle strength, adductor and 
flexor length
• ankle plantarflexor muscle strength and length
• hip, knee, and ankle range of motion
Quadriceps strength is crucial to muscular control and support of the knee, 
and has been shown to be associated with the development, progression and 
outcome of Oa. hip muscle strength has also been shown to be associated with 
knee OA outcomes. Muscle strength of the ankle plantarflexors and dorsiflexors 
are underappreciated in their influence on knee control, support, and shock 
absorption. A recommended test of ankle plantarflexion is to assess the patient’s 
ability to perform 10 unilateral heel raise repetitions to full height with full 
heel inversion/adduction. Generally it is recommended to assess bilateral 
ability first, progressing to unilateral ability to complete the test, failing which 
exercises targeting tibialis posterior, gastrocnemius and soleus muscle strength 
are indicated.
Lumbo-sacral spine strength and range of motion should also be assessed, 
with careful note of any referred pain present during loaded, end-of-range 
assessment, as referred back pain can easily be misdiagnosed as hip or knee Oa, 
or may summate to exacerbate hip or knee Oa symptoms.
Physical Therapy Treatment
Best-practice management of Oa, as recommended in contemporary clinical 
practice guidelines44,45 (Figure 2), should begin with: 
1) a holistic, multi-faceted assessment that identifies the salient problems 
and modifiable risk factors present for each individual, and serves to 
direct targeted interventions, consisting principally of: 
2) patient education and advice--including about weight loss if indicated, and 
3) exercise therapy as the first line of management, followed by; 
4) medications as second-line interventions, with the addition of any 
adjunctive interventions that are a) indicated by the thorough assessment, 
and b) supported by evidence of effectiveness; plus
5) a management plan and periodic review; and finally, 
6) joint replacement surgery is recommended before established disability 
and severe pain.44
Education 
While patient education alone has been shown to have only very small, 
clinically insignificant effects, it is still widely accepted as a key component of 
Oa management by all major clinical practice guidelines.6,69  Clinical experience, 
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Figure 2: Summary of the UK national Institute for health & Clinical excellence (nICe) guidelines. 
44,68 (reproduced with permission from the Clarity Group).
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conventional wisdom and qualitative research all maintain that both the 
disease and the interventions must be clearly explained to patients to enhance 
adherence and outcomes. the main objectives of patient education are to dispell 
misinformation and myths about the disease, its treatment, progression and 
outcomes, and to reinforce the importance of lifestyle changes around physical 
activity, exercise and weight loss.6 It is important to distinguish a genuine 
therapeutic educational process from simply providing information such as basic 
trifold pamphlets.6
Weight Loss
Weight loss can have a strong influence on OA-related symptoms, and can influence 
the effectiveness of other co-interventions.6 Weight loss is recommended for all 
overweight and obese individuals, particularly with knee OA. Diet modification 
and weight loss are difficult to achieve, however the combination of diet plus 
exercise results in better physiological and clinical outcomes compared with 
either intervention alone.70
Exercise Therapy
Exercise therapy, specifically strengthening and aerobic exercise, is the number 
one recommendation in practially all contemporary Oa guidelines. an adequate 
dose and duration of a known effective exercise therapy protocol should be the 
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first line of treatment for hip and knee OA.17,44,71 
exercise is known to be effective in reducing pain and increasing physical 
function in Oa of the hip and/or knee,72,73 through improvement of muscle 
strength, flexibility and endurance, joint range of motion, aerobic fitness and 
neuromuscular coordination.6,8,9 Most research has focused on land-based 
exercise programs, whether clinic-, class- or home-based, although water-based 
exercise programs can also be effective. exercise therapy has an effect size 
equivalent to or greater than that of analgesic medications.69
a systematic review of non-surgical, non-pharmacological interventions 
for osteoarthritis74 concluded that exercise therapy has the most evidence 
for cost-effectiveness, and is probably highly cost-effective and possibly a cost-
saving intervention from the health system perspective,75,76 with the cost of 
intervention being more than recouped by savings in other health services over 
12 months.75 notably, long term follow-up of exercise therapy interventions has 
shown it can delay or, in a small proportion, possibly prevent the need for joint 
replacement surgery.22,23
although supervised, individualised, multimodal programmes of exercise 
therapy are generally considered the “ideal standard of clinical practice”11,77,78 
the most effective content and method of delivery remains unclear.8,9,72,73,78-84 
although the short-term effectiveness of exercise therapy has been established, 
few studies have followed participants up to 12 months, and very few to 2 years or 
longer.82 Of studies with long-term follow-up, most have failed to show sustained 
benefit, however exercise programmes that have maintained adherence through 
additional booster sessions show moderate evidence of sustained effects on pain 
and physical function.82 there is evidence, from two studies following patients for 
five or more years, that exercise therapy may delay or prevent the need for joint 
replacement surgery.22,23
It is commonsense that a higher dose and duration of exercise is more 
likely to result in better outcomes, provided significant symptom exacerbation, 
overtraining and injury are avoided. evidence of this is borne out among the 
many trials evaluated in systematic reviews of hip and knee OA. Significantly 
greater improvements in pain and physical function were found when patients 
received 12 or more therapist-supervised treatment sessions, compared with 
fewer sessions.85 additionally, there is some evidence of better outcomes with 
individual, supervised treatment, compared with a home program. Importantly, 
it has been shown that physiotherapists’ patterns of practice typically do not 
reflect well the interventions delivered in the evidence and guidelines,34 and 
therefore may be far less effective than is possible, and may in many cases be 
ineffective due to inadequate content, dose and duration.
Clinical trials indicate that, in patients with hip or knee Oa, a moderately 
strong dose of well-prescribed, well-monitored exercise therapy is well-tolerated 
and beneficial. The recently reported Management of Osteoarthritis (MOA) trial 
investigated the effectiveness of providing exercise therapy treatment (and/or 
manual therapy) in addition to usual care.36 the exercise therapy provided in 
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table 3: Brief description of the MOa trial exercise therapy interventions.*
* See Chapters 3-6 for the treatment protocols used in the MOa trial.36 Manual therapy is defined as skilled 
therapist-applied manual procedures intended to modify the quality and range of motion of the target joint and 
associated soft tissue structures, provided by physical therapists trained in delivering manual therapy procedures. 
Space does not permit full reproduction of the treatment protocols. a full description and illustrations of the 
intervention protocol and procedures is available at http://cmor.otago.ac.nz/moa or from the author at haxby.
abbott@otago.ac.nz. (reproduced with permission from the Clarity Group).
 
Supervised exercise therapy 
Mandatory interventions: 
1. Aerobic exercise: up to 10 minutes cycle 
or walk 
2. Strengthening: 3 sets of 10 repetitions 
of: 
 Hip: hip abduction (Ai, Aii); hip 
extension; hip lateral rotation; knee 
extension.  
 Knee: knee extension (B); hip extension 
(C); knee flexion. Resistance adjusted 
as appropriate. 
3. Stretching: 60 seconds passive stretch 
of: 
 Hip: hip flexors; knee extensors; hip 
extensors; knee flexors (E); hip 
abductors (D) and lateral rotators; ankle 
plantarflexors. 
 Knee: knee flexors; knee extensors (F); 
ankle plantarflexors (G);  
4. Neuromuscular coordination control 
exercises: Hip or knee: 3 sets of 2 
minutes of (choose from): standing 
weight-shifting exercises (H); standing 
balance on uneven surfaces; side-
stepping (I), forward-backward and 
shuttle-walking drills; or stair walking 
Secondary (non-mandatory) interventions, 
prescribed when indicated by assessment 
findings: 
Hip: Trunk muscle strengthening (J); 
ankle plantarflexor muscle group 
strengthening; hip flexor strengthening. 
Knee: ankle plantarflexor muscle group 
strengthening (K); hip abductor 
strengthening; hip lateral rotator 
strengthening; hip flexor and knee 
extensor stretching; trunk muscle 
strengthening. 
Home exercise program: 
Prescribed up to six of the above 
activities to reinforce clinic interventions. 
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that trial (table 3) was developed from the most effective protocols reported 
in earlier studies of exercise therapy,85,86 and resulted in good effectiveness at 
short-term and one year follow-up,36 which was still maintained at two year 
follow-up.87 Each exercise had 3 or more levels of difficulty, so that patients 
could be progressed over time as they improved. each level began with 3 sets 
of 10 repetitions, which is arbitrary but common practice used in place of more 
formal ‘repetition maximum’ protocols, starting each patient on the level they 
could achieve with some effort, but without deviation from the correct plane and 
form for each exercise. treatment sessions were 45-55 minutes. the standardised 
effect size produced by the exercise therapy protocol on the MOa trial was 0.31 
at 1 year, which is equivalent to analgesic medications. this improved to 0.57 
at 2 years, compared with usual care, in part due to maintenance of positive 
effect in the treatment group and in part due to continued deterioration of 
the control group receiving no physical therapy care.87 these data indicate a 
greater and longer lasting effect than most interventions trialled in most earlier 
studies.45,80,88,89 an economic evaluation conducted alongside the MOa trial 
found that the exercise therapy and manual therapy protocols described above 
were highly cost effective.90 the content of the MOa trial hip and knee Oa 
exercise therapy protocols are provided in table 3.
Manual Therapy
the role of manual physical therapy in Oa is to restore lost joint motion, 
optimize joint kinematics, reduce focal concentrations of compressive forces 
on articular cartilage, and reduce intracapsular pressure.11,12 Manual therapies 
can also be targeted to increase the length and flexibility of the soft tissues 
surrounding the affected joint(s), including musculotendinous connective tissues 
and the joint capsule. these interventions are therefore intended to reduce pain 
and disability by correcting impairments of the musculoskeletal system. 
at the publication date of contemporary clinical practice guidelines, the 
effectiveness of manual physiotherapy had not yet been well established.72 two 
seminal studies by the same group were the first randomized clinical trials 
(rCts) to examine the combined effect of exercise plus manual therapy in knee 
Oa.91,92 The first study 91 compared exercise plus manual physiotherapy to an 
inactive placebo control. It found manual therapy plus exercise to be superior to 
an inactive sham intervention, and reported the need for knee joint replacement 
surgery at one year was reduced by 75% in the manual therapy plus exercise 
group, compared to the sham control group.91 this represents a number needed 
to treat (NNT) of 7 patients (95% confidence interval 4 to 134) in order to 
prevent one knee replacement surgery at one year, but the second study,92 which 
compared manual physiotherapy plus exercise to an individually instructed home 
exercise programme (including a detailed booklet, an exercise log and a follow-
up consultation at two weeks) could not replicate the finding of any difference 
in knee replacement surgery rates between the groups. although that second 
study found manual therapy plus exercise to be superior at 8 week follow-up 
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there were no significant differences evident at 1 year follow-up.92 a weakness in 
both of these studies is that it is not possible to differentiate the effect of manual 
therapy from that of exercise. 
a 2004 study of hip Oa did directly compare the effectiveness of manual 
therapy to exercise therapy and demonstrated superior effectiveness of manual 
therapy over exercise at 6 month follow-up.11 the results of the MOa trial were 
consistent with the impression that manual therapy has a stronger treatment 
effect than exercise therapy at short-term and 1 year follow-up,36 but with 
practically equivalent results at 2 year follow-up.87 this was evident both for 
patients with hip Oa or with knee Oa.36 In the MOa trial treatment protocols 
(table 4), each manual therapy technique had 3 or more grades of force, plus 
alternative positions, and therapists ensured that patients were progressed over 
each treatment session. the protocol began with 3 sets of 30 repetitions, which 
is arbitrary but common practice. treatment sessions were 40-50 minutes, which 
is a greater cumulative dose than is common practice in most countries. the 
standardised effect size produced by the manual therapy protocol on the MOa 
trial was 0.60 at 1 year, which is considerably greater than analgesic medications. 
this was maintained to 0.55 at 2 years, compared with usual care.87 a recent 
hip Oa trial found similar effects for both exercise therapy alone and exercise 
therapy plus manual therapy, with both superior to no intervention at 9 weeks 
follow-up.93, however the manual therapy component was limited to only 15 
minutes in each of 8 treatment sessions, considerably less than was delivered in 
the other trials.
While both manual therapy and exercise therapy (in addition to usual medical 
care) in the MOa trial were shown to be both effective and cost-effective 
individually, compared with usual care only, this was not the case for combined 
manual therapy plus exercise therapy.36,94 Combined manual therapy plus 
exercise therapy generally resulted in weaker outcomes than either intervention 
delivered individually, and was neither clinically nor statistically better than usual 
care only at 1 year follow-up.36 This surprise finding is most likely due to the 
reduced dose of both manual therapy and exercise therapy that was necessary in 
order to deliver both within the same treatment session. this was supported by 
the finding that a combined manual therapy plus exercise therapy intervention 
for hip Oa, delivered in a reduced format of ten 30 minute sessions, produced 
outcomes no better than a sham intervention delivered by attentive physical 
therapists over an equivalent attention time.95 the lesson therein is that it is very 
important to deliver a strong, progressive dose of exercise therapy in order to 
achieve good treatment effects – this may also be true for manual therapy – and 
it may not be possible to achieve this by attempting to deliver both forms of 
intervention at the same time. the results of these trials raise the question of 
what combination of interventions should be provided, and in what order. this 
has not yet been answered in the research.
17 nManagement of Osteoarthritis
table 4: Brief description of the MOa trial manual therapy interventions.*
 
Manual therapy** 
Hip: 
Mandatory interventions: 
1. Long-axis hip distraction with thrust (A) 
2. Lateral hip distraction, non-thrust 
3. Antero-posterior directed force to the proximal femur, non-thrust (C) 
4. Poster-anterior directed force to the proximal femur, non-thrust 
5. Medial hip rotation, non-thrust (B) 
6. Soft tissue manipulation to hip and thigh musculature and fascia 
7. Manual stretches to connective tissue of hip and thigh (D) 
Secondary (non-mandatory) interventions prescribed when indicated by 
assessment findings: 
1. Knee flexion, non-thrust 
2. Proximal tibio-fibular joint manipulation, thrust or non-thrust 
3. Knee extension, non-thrust 
4. Patellar gliding force, non-thrust 
5. Ankle and talo-calcaneal joint distraction, thrust or non-thrust 
6. Ankle talo-crural antero-posterior directed force, non-thrust 
7. Antero-posterior directed force to distal fibula, tibio-fibular joint, non-
thrust 
8. Soft tissue manipulation, ankle plantarflexor muscle group 
9. Lumbopelvic rotation thrust manipulation 
Home program of reinforcing activities: 
1. Prescribed up to six range-of-motion activities to reinforce clinic 
interventions. 
Knee: 
Mandatory interventions: 
1. Knee flexion, non-thrust (G) 
2. Antero-posterior directed force to the tibia, tibio-femoral joint, non-thrust 
3. Knee extension, non-thrust 
4. Postero-anterior directed force to the tibia, tibio-femoral joint, non-thrust 
5. Patellar gliding force, non-thrust 
6. Manual stretch to quadriceps, hamstring, triceps surae muscle groups 
7. Soft tissue manipulation, quadriceps (H) and peripatellar connective 
tissue, hamstring, hip adductor and triceps surae muscle groups 
Secondary (non-mandatory) interventions prescribed when indicated by 
assessment findings: 
1. Long-axis hip distraction with thrust 
2. Lateral hip distraction, non-thrust 
3. Antero-posterior directed force to proximal femur, non-thrust 
4. Poster-anterior directed force to proximal femur, non-thrust (I) 
5. Medial hip rotation, non-thrust (J,K) 
6. Soft tissue manipulation to hip and thigh musculature and fascia 
7. Manual stretches to connective tissue of hip and thigh 
8. Ankle and talo-calcaneal joint distraction, thrust or non-thrust 
9. Ankle talo-crural antero-posterior directed force, non-thrust 
10. Antero-posterior directed force to distal fibula, tibio-fibular joint, non-
thrust 
11. Soft tissue manipulation, ankle plantarflexor muscle group 
Lumbopelvic rotation thrust manipulation 
Home program of reinforcing activities: 
1. Prescribed up to six range-of-motion activities to reinforce clinic 
interventions (e.g. L) 
* See Chapters 3-6 for the treatment protocols used in the MOa trial.36 Space does not permit reproduction of 
the entire treatment protocol. a full description and illustrations of the intervention protocol and procedures is 
available at http://cmor.otago.ac.nz/moa or from the principal investigator at haxby.abbott@otago.ac.nz
**the brief description and illustrations provided are no substitute for formal instruction in manual physiotherapy, 
taught by qualified providers.
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Braces, Orthotics and Insoles
Given the key role of mechanical forces to disease progression and symptoms 
of Oa, particularly knee Oa, biomechanical treatments targeting knee alignment 
and shock absorbtion may be very important.  however, to date only modest 
progress has been made in this area. 
In patients with medial tibiofemoral knee Oa, lateral wedge insoles or 
orthoses may have a small benefit, but probably no greater benefit than simple 
non-wedged insoles.96,97 Overall, however, the low quality of some studies and 
the heterogeneity among study findings suggest that any benefit of lateral wedge 
insoles may not be significant or clinically important.96,97
Shock absorbing insoles have been shown to decrease pain and disability, 
but medial arch supports do not appear to be useful for patients with medial 
tibiofemoral knee Oa.98 
there are a variety of knee braces available for people with knee Oa. not 
all have any published evidence of efficacy, but in general it appears that simple 
knee sleeves, for example neoprene supports, may decrease pain slightly but do 
not appear to offer any physical function benefits.99 For patients with medial 
tibiofemoral knee Oa, valgus knee braces are more effective than knee sleeves, 
with at least some medium-term benefits to pain and disability.99,100 Valgus 
knee braces also provide mechanical benefits, improving gait symmetry, muscle 
strength and proprioception, and decreasing compressive loads to the medial 
joint space, although the data are quite inconsistent and low quality at this point 
in time.99 
For patients with significant pain, the use of a walking cane has good face 
validity for decreasing mechanical forces through the hip or knee.101,102 a recent 
rCt supports the clinical effectiveness of a walking cane for improving pain and 
physical function.103 although energy expenditure was substantially increased in 
the first month of use, patients soon became accustomed to its use, and energy 
expenditure returned to close to normal levels after around 2 months of use.103
Taping
Other interventions may be useful in addition to the core treatments and 
supplementary treatments described above. taping has been shown to be 
effective for patellofemoral Oa.104-106 Methods vary, however, in general the tape 
is used to apply a medially-directed force to the patella, to alter contact forces 
between the patella and the patellar groove of the femur. a useful resource 
summarizing the evidence and describing the procedures can be found online in 
the australian Family physician website.107
Thermal Modalities
the effectiveness of therapeutic ultrasound (US) for knee Oa has been studied 
in six small, generally low-quality trials. the data indicate that US provides a 
moderate benefit for reducing pain (around 1.2 points on a 0-10 pain scale), and 
perhaps a similar benefit for function, although the data on function have more 
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variability and less precision.108,109 effects may persist beyond 10 months after 
the US treatment has concluded.109
Other thermal modalities are generally recommended in most clinical 
practice guidelines,110,111 although these are based on only a small number of 
low quality studies. Short-wave diathermy has weak evidence of small effects on 
pain.112 
Alternative and Medical Interventions
Accupuncture
acupuncture has grown in acceptance for many musculoskeletal conditions, but 
there a great deal of skepticism remains among academics and clinicians. a meta-
analysis of 16 rCts of acupuncture indicate that acupuncture does show small 
to moderate treatment effects for relief of pain in knee Oa. there is much 
less but generally consistent evidence for hip Oa.69,113 Most trials report only 
short-term outcomes.69 earlier studies had indicated the effect size to be similar 
to non-steroidal anti-inflammatory drugs (NSAIDs), at around 0.35,69 however, 
with more trials now completed, acupuncture appears less effective than first 
thought, at around 0.28. although for most patients the percent change in 
pain and function is, on average, smaller than what can be considered clinically 
meaningful,113 it may still be useful for a subset of patients who respond to 
acupuncture, at least in the short term.  however, the most recent nICe guideline 
recommends against offering acupuncture.68 acupuncture as an adjuvant to an 
exercise therapy program does not result in any additional benefits over exercise 
therapy alone.113 Given the stronger evidence for, and effects of, exercise therapy, 
treatment time would be better spent doing a good job of providing exercise 
intervention.
Pharmacological Interventions
Acetaminophen (paracetamol) and non-steroidal anti-inflammatory drugs 
(nSaIDs) are recommended,114 although it is notable that the effect sizes for 
these medications in patients with Oa has weakened as more studies are added 
to the literature.69,114 new evidence shows the risks of harm with long-term use, 
particularly to the stomach and liver, have been underappreciated.69,114 topical 
capsaicin is effective for decreasing pain, but around half of users will experience 
skin reactions, with around 15% of users discontinuing because of these local 
adverse effects.69,114 Glucosamine sulfphate has been studied widely now, with 
many more recent negative trials balancing out earlier, poorer quality positive 
trials, with the result that glucosamine sulfphate is not recommended.69,114 the 
case is similar for chondroitin sulphate.69,114
Surgical Considerations
Joint replacement surgery is recommended before established disability and 
severe pain.44 Joint replacement surgery for the hip and knee are both highly 
effective and cost-effective interventions, where indicated.115 For many people 
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with established pain and disability that cannot be managed by conservative 
therapies, it will be the best treatment. however, it is important to stress that 
not all cases of Oa will progress to the point where joint replacement surgery is 
necessary or desired. Indeed, not all cases of Oa will progress. Joint replacement 
surgery is more successful when provided neither too early nor too late in 
the progression of the disease, however the best timing has not been clearly 
established. What is clear is that revision surgeries are generally very much 
less effective and cost-effective in comparison to primary joint replacement 
surgery.116
Intra-articular corticosteroid injections are recommended by contemporary 
clinical practice guidelines,114 however it is recommended these be provided 
no more than three times, and with a long period between injections, as effects 
generally to diminish with each subsequent use. they appear to be most effective 
in people with a reasonable amount joint space remaining. there is still too 
little good evidence on intra-articular injection of hyaluronic acid to adequately 
inform recommendations.69,114 
Similarly, as yet there is not enough high-quality evidence to support 
recommendations for other palliative surgeries such as microfracture, or 
alternatives to total joint arthroplasty such as resurfacing or uni-compartmental 
procedures.
there is high quality evidence that arthroscopic lavage or debridement 
is ineffective, and, considering the risk of harm, these treatments are now 
consistently not recommended.69,114
A Holistic, Iintegrated Approach to the Management of OA
For the vast majority of people with Oa, medical management means long-
term reliance on pain-relieving medications 117. Family practice physicians rarely 
refer Oa patients to physiotherapy,32 access to publicly funded treatment is 
limited by competing resource demands,33 and out-of-pocket costs further limit 
access to private providers. For the small proportion accessing physiotherapy, 
current physiotherapist practice typically does not comply with that seen in 
the successful trials underpinning Oa clinical guidelines.34,35 It is not efficient to 
allocate the specialised resource of orthopaedic surgeons’ time to non-surgical 
cases, yet generalist family practice doctors cannot reasonably be expected 
to attain expert depth of knowledge in Oa management, or have the time or 
facilities to deliver the comprehensive level of care indicated. 
there are numerous barriers to the delivery of the optimal care described 
in guidelines that may explain these shortcomings.118,119 A significant barrier 
causing the gap between the recommendations in Oa guidelines and actual 
health delivery is that guidelines encompass multiple forms of interventions, 
and implementation requires a holistic assessment and expert decision-making 
to target treatment effectively.44 Both of these steps require expertise across 
multiple fields of knowledge that we cannot reasonably expect every primary 
care practitioner to possess, nor have the time and facilities to deliver. Indeed 
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it is well recognised that medical education in musculoskeletal diseases is 
deficient,120-123 and general physiotherapists’ knowledge, beliefs, and practice in 
OA are deficient.34,35 Oa care needs a paradigm shift.124
although Oa does not directly reduce length of life, it does impact strongly 
on quality of life in the years lived. Where it persists to become a chronically 
painful, disabling condition, Oa is implicated in a cascade of effects, described 
earlier (Figure 1),18 associated with co-morbidities. Some co-morbidities 
associated with Oa, such as obesity, diabetes and depression, affect both length 
and quality of life. an intervention effective for treating all of those examples is 
exercise as a lifestyle change. notably, it has been shown that a single weekly 
bout of specific exercise reduces the risk of cardiovascular death, both in men 
(relative risk (rr) 0.61, (95% CI 0.49 to 0.75)), and women (rr 0.49, 95% CI 
0.27 to 0.89), compared with those who reported no activity.125.the form of 
exercise does not have to be especially frequent or intense, as research has 
shown that increasing the duration or the number of exercise sessions per week 
provides little added benefit in regards to cardiovascular risk:125 compared with 
vigorous exercise, walking is associated with similar risk reductions.126 the case 
for diabetes is similar.127,128  the lifestyle change of maintaining regular exercise to 
manage Oa will improve overall health and wellbeing and therefore will improve 
the cost-effectiveness of interventions over a longer term.
Oa is a chronic condition requiring ongoing re-evaluation and review of 
treatment targeting.44,129,130 International experts recommend that management 
of Oa is best suited to a Chronic Care Model (CCM) approach from early 
intervention to accessing secondary care.124,129,130 there is sound basis to 
propose that the most efficient way of delivering this kind of multi-disciplinary 
patient management model, with the focused expertise, time and facilities to 
deliver the core interventions, is within a clinic dedicated to Oa, provided by 
physical therapy specialist practitioner. 
Ideally, such a clinic would employ a CCM patient management approach 
explicitly guided by clinical practice guidelines.130 assessment and decision-making 
should be conducted by clinicians trained in deep and focussed knowledge of 
Oa clinical management and research.44 the provision of the core education and 
exercise therapy, and adjunct manual therapy, bracing, canes and insoles, will be 
by physiotherapists trained to faithfully deliver established effective treatment 
protocols. attention must be paid to dose, progression, duration, and adherence. 
It is necessary to conduct a medications review and work in a collaborative 
multi-disciplinary partnership with the referring medical doctor to ensure 
pharmaceutical management is optimal.44 
the Oa clinician must provide comprehensive education and advice, 
including around weight loss, and refer to dietitians where indicated to achieve 
this.44,131,132 While challenging, there is good evidence that weight management 
can be effective in people with Oa,133,134 although it is not often implemented 
135,136. Lifestyle change to include regular exercise is essential. 
There is a wide range of known modifiable risk factors for functional decline 
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in people with hip or knee OA that can be modified by core OA treatments.21,46,137 
these include physical impairments (e.g. reduced muscle strength, proprioceptive 
inaccuracy, and impaired range of joint motion), overweight and comorbidity, 
and psychological and social factors (e.g. depression, anxiety, poor self-efficacy 
and health behaviors).46 these, alongside reduced pain and disability, should 
result in decreased consumption of other healthcare resources, increased social 
and occupational participation, and thereby increased health and well-being. 
hence, such a holistic, integrated chronic care management approach to the 
management of osteoarthritis, has clear potential to improve cost-effectiveness 
markedly over the lifetime of the patient population.138-140 
this is an area well suited to physical therapists expertise. research reports 
from the British, australian, Canadian, and the US Military healthcare systems 
demonstrate the feasibility and advantages of an advanced physiotherapy 
practitioner model. examples have been developed to address a range of needs 
in orthopaedic care,141 including assessment and non-surgical management of 
Oa142 and low back pain,143 and have reported high levels of patient, Gp and 
consultant surgeon satisfaction.143-145 Most research has been in secondary 
care, showing efficiency gains such as reductions in unnecessary referrals (i.e. 
those not requiring surgery or medical intervention) and decreased waiting 
times,143,144,146 even in projects that resulted in referral volumes increasing.144 even 
in secondary care settings the majority of patients were independently managed 
by physiotherapists147,148 143,144,146 and concerns with regard to xray/investigation 
volume increases or excessive onward referral proved unfounded.147 reports 
have shown good agreement between advanced physiotherapy practitioners and 
orthopaedic surgeons regarding diagnostic and management decisions.145-147,149
More recently, a new Zealand example of a multi-disciplinary patient 
management clinic dedicated to Oa within a secondary care hospital setting, 
has shown results consistent with those stated above.150 In that model, a pt 
with focused Oa trianing and expertise assessed each patient, initiated and 
coordinated management and follow-up. patients were referred to in-house 
facilities to deliver the core interventions. a formal programme evaluation of 
this clinic, which serves a population of patients with moderate to severe hip or 
knee Oa, has demonstrated very positive outcomes.150
Conclusion
Osteoarthritis is a very common, painful condition that increases in prevalence 
with advancing age. It is a complex, active disease process involving the whole 
joint structure: bone, cartilage, synovium, ligaments and muscles supporting and 
surrounding the affected joint. progression can differ greatly between individuals. 
Oa generally presents as pain at or about the joint, impacting quality of life, with 
reported and clinically evident functional limitation. after ruling out differential 
diagnoses, it can be confidently diagnosed on the basis of 3 simple criteria: 
persistent joint pain that is worse with use; age 45 years and over; and morning 
stiffness lasting no more than half an hour. Best-practice management of Oa 
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should begin with a holistic, multi-faceted assessment that identifies the salient 
problems and modifiable risk factors present for each individual, and serves to 
direct targeted interventions. Given that: 
a) the strongest single feature of Oa is an imbalance between adverse and 
advantageous biomechanical forces acting around joint; 
b) the body is responding with an ongoing, active repair process; 
c) the core recommended interventions are non-surgical and mostly non-
drug interventions, including exercise therapy; and 
d) there is strong evidence that the recommended interventions provided 
by physical therapists – most notably exercise therapy – are effective and 
cost-effective, 
it is clear that there is a strong role for physical therapy in the management of 
Oa.
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The MOA Trial
J. haxby abbott, phD, Dpt, FnZCp
Research Associate Professor, Centre for Musculoskeletal Outcomes Research
Dunedin School of Medicine, University of Otago, New Zealand
Introduction
the MOa trial (Management of Osteoarthritis, or Maimoatanga Mate Köiwi) was 
a randomised clinical trial that aimed to investigate the long-term effectiveness 
and cost-effectiveness of both a multi-modal, individualised, supervised exercise 
therapy programme, and an individualised manual therapy programme, for the 
management of pain and disability in adults with hip or knee Oa.1 the subsequent 
chapters of this book provide the detailed treatment protocols delivered in the 
MOa trial.
The specific aims of this trial were to establish whether:
1. exercise therapy versus no exercise therapy improves disability at 12 
months in adults with hip or knee Oa.
2. Manual therapy versus no manual therapy improves disability at 12 
months in adults with hip or knee Oa.
3. provision of physiotherapy programmes in addition to usual care to 
adults with hip or knee Oa is more cost-effective than usual care alone 
at 24 months.
In addition, we tested for differences in the secondary outcomes at 9 weeks, 6 
months, and 12 months, and for an interaction between the interventions for 
disability at 12 months. the secondary outcomes include physical performance 
tests, patients’ global assessment, and joint replacement surgery (table 1). 
Trial design and methods
this MOa trial was a 2 x 2 factorial randomised controlled trial (Figure 1). We 
chose a factorial design because it is an efficient way to evaluate more than 
one intervention in a single trial.2,3  this is because all participants are included 
in each of the primary analyses, whereas in a trial of, say, three parallel arms 
evaluating two different interventions compared with a control arm, only two 
thirds of participants are used for each comparison. however, the sample size 
benefits gains of this design only occur when the assumption of no interaction 
between the two interventions is met. We did not anticipate any interaction 
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effects since these are uncommon,3 even in drug trials.2 however it is essential 
practice to report an estimate of the interaction effect and thus we did so.2
Participants 
We aimed to recruit 224 participants through two sources: a) patients attending 
general practitioners (Gps) with hip or knee Oa; and b) patients attending the 
Department of Orthopaedic Surgery (Outpatient Clinic, Dunedin hospital, new 
Zealand) for an orthopaedic consultation for consideration of hip or knee joint 
replacement surgery.
to be eligible, participants were required to meet clinical criteria for diagnosis 
of Oa of the hip or knee according to american College of rheumatology 
criteria.4-6 
exclusion criteria included: 
•	 previous knee or hip joint replacement surgery of the affected joint; 
•	 any other surgical procedure of the lower limbs in the previous 6 months; 
•	 rheumatoid arthritis; 
•	 initiation of opioid analgesia or cortico-steroid or analgesic injection 
intervention for hip or knee pain within the previous 30 days; 
•	 uncontrolled hypertension or moderate to high risk for cardiac 
complications during exercise;7 
•	 physical impairments unrelated to the hip or knee preventing safe 
participation in exercise, manual therapy, walking or stationary cycling, 
such as: vision problems that affect mobility, body weight greater than 
155kg, neurogenic disorder, primary or significantly limiting back pain, 
advanced osteoporosis, or inability to walk 10 metres without an assistive 
device; 
•	 inability to comprehend and complete study assessments or comply with 
study instructions; 
•	 stated inability to attend or complete the proposed course of intervention 
and follow-up schedule. 
Figure 1  - 2x2 fact rial trial design  
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Figure 1: 2x2 factorial trial design 
note: all groups receive usual medical care.
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Figure 2 shows a diagram illustrating the flow of participants through 
recruitment, assessment and intervention. A research nurse identified potential 
participants at the Dunedin hospital Orthopaedic Clinic point of entry. the 
research nurse initially screened each potential participant against the inclusion 
and exclusion criteria by chart review and questioning by telephone. Willing 
potential participants were given an appointment at the Centre for physiotherapy 
research, where researchers obtained informed consent and baseline measures.
researchers at the Centre for physiotherapy research evaluated each 
potential participant against the inclusion and exclusion criteria by clinical history, 
physical examination and review of self-report questionnaires. participants were 
then randomised (refer to randomisation and allocation concealment, below).
Randomisation and allocation concealment 
participants were randomised using tenaLea, an online, central randomisation 
service provided by trans-european network for Clinical trial Service. the 
tenaLea service generated and held the randomisation schedule. allocation 
concealment was ensured, as the service will not release the randomisation 
code until the patient has been recruited into the trial, which took place after all 
baseline measurements have been completed.
Randomisation was stratified by condition (hip or knee). Within each 
stratum, participants were randomised to one of the four intervention groups 
using block allocation. the block size was subject to random variation.
Blinding 
Outcome assessors were blind to group allocation, and were not involved in 
providing the interventions. the orthopaedic surgeons and Gps managing the 
participants’ care were blind to group allocation; it was impossible to blind the 
physiotherapists delivering the intervention. the participants were informed 
they were in a “physiotherapy” or the “usual care” group, and the type of 
physiotherapy intervention (manual, exercise, or both) was not specified. The 
statisticians conducting the statistical analyses were blind to group allocation 
until the analyses were completed.
Interventions
protocols for the physiotherapy interventions were described in a Manual of 
Standard Operating procedures (MSOp), available from the principal investigator 
(Jha). Guidelines for individual tailoring of activity prescription and progression 
were described within these protocols. Secondarily, additional interventions 
were individually tailored as needed, according to the results of a standardised 
physical examination that included tests and measures to assess impairments 
in physical function (e.g. muscle strength, muscle length, joint range of motion). 
Impairments revealed were matched explicitly to interventions, described in the 
MSOp, intended to directly address each impaired physical function (refer to 
Chapters 3-6). In this manner, the plan of care for each patient was individually 
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tailored from a standardised menu of interventions, using a defined algorithm, 
in the categories of ‘exercise therapy’ and ‘manual therapy’ (described below). 
Individualised home activity instructions, plus compliance logs, were also 
provided. the methodology was therefore consistent with the ‘ideal standard of 
clinical practice’8 and the research designs of previous studies.9-11
participants randomised to receive trial physiotherapy received ten treatment 
sessions: seven in the initial nine weeks of the trial, two ‘booster’ sessions at 
week 16, and one ‘booster’ session at week 54, as is recommended by current 
best evidence, previous investigators and expert opinion.9,12-14 
Usual care
the control group received no trial physiotherapy. all participants continued 
to receive the usual, normal routine care offered by their own Gp and other 
healthcare providers. In this way, this trial evaluated the effectiveness of 
physiotherapy care in addition to usual medical care.
We sent a letter to each participant’s Gp informing her or him that the patient 
was participating in the trial, but did not reveal which group the patient was in. We 
also requested that the Gp contact the researchers before adding physiotherapy 
to the patient’s plan of care during the trial. the researchers discouraged 
contamination of the ‘usual care only’ group by referral to physiotherapy within 
the 9-week intervention phase, however did not require that physiotherapy be 
withheld from the ‘usual care only’ group throughout the follow-up period of 
the trial, as that would have been unethical and unreasonable. We measured 
potential contamination with non-trial physiotherapy by participant self-report 
questionnaire.
all participants continued to receive their usual care at the Dunedin hospital 
Orthopaedic Clinic, by consultant orthopaedic surgeons blind to group allocation. 
participation in the trial was not permitted to affect patients’ prioritisation for, 
or access to, joint replacement surgery.
Exercise physiotherapy
the exercise therapy protocol primarily consisted of a multi-modal, supervised 
programme of warm-up/aerobic, muscle strengthening, muscle stretching, 
and neuromuscular control exercises (refer to Chapters 3 & 4). Secondarily, 
additional exercise therapy interventions were prescribed individually for each 
participant on the basis of the physical examination findings, from a limited list 
of interventions defined in the MSOP. These were informed by evidence-based 
best practice.8-11,14-19  the protocol did not allow therapist-applied manual forces. 
participants were instructed in an individualised home exercise programme of 
warm-up/aerobic, muscle strengthening, muscle stretching, and neuromuscular 
control exercises as detailed in the MSOp.
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Manual physiotherapy
the manual therapy protocol consisted primarily of procedures intended to 
modify the quality and range of motion of the target joint and associated soft 
tissue structures (refer to Chapters 4 & 6). Secondarily, additional manual therapy 
interventions were prescribed individually for each participant randomised to 
this intervention on the basis of the physical examination findings, from a limited 
list of interventions. these were informed by evidence-based best practice 9-11,20. 
For our purposes, we defined manual therapy as the application of therapist-
applied manual forces in procedures intended to modify the quality and range 
of motion of the target joint and soft tissue structures. the protocol did not 
allow muscle strengthening or neuromuscular control exercises. participants 
were instructed in an individualised home exercise programme of joint range 
of motion exercises.
Combination therapy
this protocol consisted of a combination of both exercise therapy and manual 
therapy interventions, as described above. 
Outcome measures
Primary
the primary outcome was disability at one-year follow-up using the WOMaC 
(Western Ontario and McMaster osteoarthritis index). the WOMaC is a 
widely used, reliable, valid and responsive measure of outcome in people with 
osteoarthritis of the hip or knee.21-23
Secondary 
We also included the outcome measures recommended by OMeraCt-
OarSI guidelines.24,25 these required measures of pain, physical function and 
patient global assessment. We assessed pain using the WOMaC pain sub-scale 
and numeric pain rating scale;26 physical function using the WOMaC physical 
function sub-scale; and patient global assessment using a 15-point global rating 
of change27 (table 1). We also assessed change in physical performance tests: the 
timed up-and-go, 30-second sit-to-stand, and 40 metre fast-paced walk tests23,28-30 
and psychological function.31-33  We assessed overall health status using the SF-
12 (Quality Metric, Inc., Lincoln, rhode Island, USa),34 and measured health 
care consumption costs, including surgical interventions, by records audit and 
patient self-report questionnaire.35 We tracked and classified adverse events. 
We continued to assess the american College of rheumatology criteria for the 
diagnosis of Oa of the hip or knee;4-6,36,37 and exercise compliance.
Follow-up
a summary of the follow-up schedule is shown in table 1. assessments were 
performed by researchers at baseline, 9 weeks, 6 months, 1 year, 2 years and 5 
years. 
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Sample size
the primary endpoint in this trial was disability at 12 months, measured using 
the numeric rating scale version of the WOMaC scale. We calculated the sample 
size to detect a difference of 28 points for each of the main effects, namely, 
exercise therapy versus no exercise therapy, and manual therapy versus no 
manual therapy. We regarded this as the minimum clinically important difference 
between groups in patients with moderate Oa.9,10,23,38-40 assuming a standard 
deviation of 50 points,9,10 and a type I error rate of 5%; a sample of 45 participants 
per intervention group (90 per row (Figure 1)) were considered sufficient to 
detect the differences with approximately 95% power. With a sample of this 
size, the predicted width of the 95% confidence interval for each intervention 
effect were approximately ± 146 points.41  allowing for 20% attrition, we plan to 
recruit 56 participants per group, providing a total of 224 participants.
Using the assumptions above, a sample of this size has limited power of 
approximately 46% to detect an interaction between exercise therapy and 
manual physiotherapy. however, these calculations may be conservative since we 
did not incorporate the stratification variable, or correlation between baseline 
and follow-up measures, due to lack of prior information.
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Figure legends 
Figure 1  - 2x2 factorial trial design  
Note: All groups receive usual medical care 
Figure 2  - Diagram of participant flow 
OA = osteoarthritis; RN = Research Nurse; CRA = Clinical Research Administrator; MT = manual physiotherapy; 
Ex = exercise physiotherapy; GP = general medical practitioner. 
Table 1  - Outcome measures 
Primary Outcome measure* Data collection instrument 
WOMAC composite score WOMAC-3.1 patient-rated 
questionnaire 21-23 
Secondary Outcome measures  
Timed up-and-go Physical test 29,30 
30 second sit-to-stand Physical test 28 
40m self-paced walk Physical test 23,30 
WOMAC subscales: A) Pain; B) Stiffness 
C) Physical Function;  
WOMAC-3.1 24,25 patient-rated 
questionnaire 
Numeric pain rating NPRS 24,25 patient-rated questionnaire 
Self-efficacy and pain beliefs The Pain Belief Screening Instrument 
31,32 
Depression The two-item case-finding instrument 
33 
Patient’s global assessment GROC 24,25,27 patient-rated scale 
OARSI response criteria Composite of WOMAC, NPRS, GROC 
25 
American College of Rheumatology criteria 
for diagnosis of OA 
Clinician-rated criteria 4-6,36,37 from 
physical tests and symptoms 
New Zealand National Clinical Priority 
System score 
Clinician-rated criteria 71; 
Adverse events MOA field team audit; ODHB records; 
self-report questionnaire 
Overall health status† SF-12 general health survey 34 
Surgical intervention† Self-report questionnaire; health 
system records 72 
Healthcare consumption and related costs† Self-report questionnaire; health 
table 1: Outcome measures
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Data analysis
Analyses subsets
the primary analysis of the data was undertaken using the principle of intention-
to-treat (Itt) [45]. Our Itt analysis included all participants, including those 
who were not fully compliant and those with missing outcome data. While we 
planned to implement procedures to minimise loss to follow-up and patient 
withdrawal, we expected to observe some attrition. We planned to employ 
multiple imputation to handle missing data in the analysis. Multiple imputation, 
compared to other case deletion strategies, can provide valid inferences with 
less restrictive assumptions surrounding the mechanism for missing data 42-44.
as part of the secondary analyses, we planned to undertake two per-protocol 
analyses for the primary outcome (WOMaC composite score) at 12 months. 
The first analysis included participants who did not have hip or knee replacement 
surgery. the second analysis included participants who complied with the 
intervention protocol; where compliance were defined as attendance of 80% of 
scheduled intervention visits, 60% of prescribed home exercise sessions in the 
intervention groups, and low contamination (less than 4 physiotherapy visits) in 
the comparison group.
Descriptive analyses at baseline
Descriptive statistics were presented by intervention group at baseline to 
investigate the comparability between groups. this included summary statistics of 
demographic, stratification, baseline measures of outcomes, and other potential 
confounding variables.
Primary analysis
Descriptive statistics for the WOMaC scale were presented for each 
intervention group at 12 months follow-up. We evaluated the effectiveness of 
exercise therapy and manual therapy on disability (WOMaC composite score) 
at 12 months using analysis of covariance (anCOVa), a form of general linear 
model.45  We will included the baseline measure as a covariate in the model, and 
included adjustment for the stratification variable (condition), and pre-specified 
potential confounding factors: age, body mass index, baseline pain intensity, 
duration since first diagnosis, quadriceps muscle strength, mental health, and self-
efficacy,46 these were included regardless of whether baseline imbalance exists. 
this approach was chosen because confounder selection strategies that are 
based on collected data can result in models with poor statistical properties.47-49 
this strategy adjusted appropriately for baseline imbalances and allowed the 
most powerful analysis.47,50 adjusted estimates of intervention effect from this 
model were reported as the primary analysis in the trial publications.51,52 
Secondary analyses
Secondary analyses were undertaken using general linear models to investigate 
the effectiveness of the interventions for the primary and secondary outcome 
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variables at 9 weeks, 6 months, 12 months and 24 months. We included the same 
pre-specified confounding factors as in the primary analysis, the stratification 
variable, and for continuous outcomes collected at both baseline and follow-up, 
we included the baseline measure of the outcome. In addition, estimates of the 
effectiveness of exercise therapy and manual therapy from models that included 
only the stratification variable and baseline measure of the outcome were also 
presented.
We reported the event rates for joint replacement surgery and the 
OMeraCt-OarSI responder criteria,24,25 and the number needed to treat 
(nnt) statistics. 
Finally, we investigated (i) if there is an interaction between the two 
interventions for the primary outcome at 12 months, and (ii) if the effects of the 
two interventions differ by the condition (hip or knee osteoarthritis). For these 
analyses we included appropriate interaction terms in the models 2,3. the trial 
was not powered to detect these interactions was therefore likely to have poor 
precision for the interaction terms. We reported regression coefficients for the 
interaction terms and their 95% confidence intervals.
no statistical adjustments were made for multiple testing. all tests were 
two-sided and carried out at the 5% level of significance. 
Economic evaluation
We assessed the incremental costs and the economic consequences of delivering 
the manual therapy and exercise programmes compared with usual care alone 
according to established methods for the analysis of patient-level data 53. We 
estimated all health care consumption and costs from a societal perspective 
using patient self-report questionnaires, and verified hospital admissions from 
hospital records.54 We reported incremental cost-utility ratios using quality-
adjusted life-years derived from SF-12 scores using appropriate preference 
weightings.55,56
 
Trial organisation
Trial co-ordination and trial progress
the MOa trial team membership is listed in table 2. the principal investigator 
(Jha) co-ordinated the trial with the assistance of a Clinical research 
Administrator (CRA) and chaired regular meetings of the field team and co-
investigator group. the co-investigators monitored and supported the progress 
of the trial. The principal investigator and the field team (i.e. physiotherapists, 
outcome assessors, research nurse and Cra) designed the case reporting forms 
and MSOps, with advice from the clinical advisors (table 2), based on the best 
evidence available.8-11,14-20,57  the principal investigator and Cra managed the 
data flow, recording and storage. 
The principal investigator instigated and co-ordinate the training of the field 
team and performed audits of procedures throughout. Off-protocol and adverse 
event reports were monitored monthly. We planned to suspend the trial in the 
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Table 2  - The MOA Trial team 
Name Role on trial team Affiliation 
Dr J. Haxby Abbott Principal investigator University of Otago 
Professor G. David 
Baxter 
Co-investigator University of Otago 
Professor A. John 
Campbell 
Co-investigator; consultant 
geriatrician 
University of Otago 
Associate Professor 
M. Clare Robertson 
Co-investigator; statistical 
analyst, economic evaluation 
University of Otago 
Associate Professor 
Jean-Claude Theis 
Co-investigator; consultant 
orthopaedic surgeon 
University of Otago 
Associate Professor 
Peter Herbison 
Statistician University of Otago 
Joanne E. McKenzie Statistician University of Otago;  
Monash University 
Professor Jeffrey 
Basford 
Research advisor Mayo Clinic 
Associate Professor 
G. Kelley Fitzgerald 
Research and clinical advisor; 
advisor to PhD candidate 
University of Pittsburgh 
Associate Professor 
Timothy Flynn 
Research and clinical advisor; 
advisor to PhD candidate 
Regis University 
Associate Professor 
Julie Fritz 
Research advisor; advisor to PhD 
candidate 
University of Utah 
Dr Deidre Hurley-
Osing 
Research advisor University College Dublin 
Debra McNamara Research nurse University of Otago 
Catherine Chapple PhD candidate; outcome 
assessor 
University of Otago 
Dr Daniel Pinto PhD candidate, economic 
evaluation; outcome assessor 
University of Otago 
Dr Alexis Wright PhD candidate; outcome 
assessor 
University of Otago 
Martin Kidd Physiotherapist University of Otago 
Chris Higgs Physiotherapist University of Otago 
Jessica Smith Physiotherapist University of Otago 
Steve Tumilty Physiotherapist University of Otago 
Dr Ewan Kennedy Physiotherapist University of Otago 
Dr Rhiannon Braund Advisor to PhD candidate University of Otago 
Associate Professor 
Josh Cleland 
Advisor to PhD candidate Franklin Pierce College 
Associate Professor 
Chad Cook 
Advisor to PhD candidate Duke University 
Dr John Dockerty Advisor to PhD candidate University of Otago 
Associate Professor 
Paul Hansen 
Health economist; advisor to PhD 
candidate 
University of Otago 
Professor Helen 
Nicholson 
Advisor to PhD candidate University of Otago 
Dr Julie Whitman Clinical advisor Regis University 
 
table 2: the MOa trial team
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event that more than one serious adverse event occurs of any type or class that 
was avoidable and related to the physiotherapy programmes. 
Data quality assurance
to enhance the accuracy of the data we used optical mark recognition technology 
(remar™, Gravic, Inc., Malvern, pa, USa) to transcribe data from paper forms to 
a spreadsheet, which uploaded data directly into a relational database (FileMaker 
pro™, FileMaker, Inc., Santa Clara, Ca, USa) based on a server in the Division of 
health Sciences, University of Otago. these methods enable transcription error 
to be minimised and eliminate the need for manual double entry.
Intervention fidelity
Clinician adherence to the intervention protocols was ensured by collaborative 
development of the protocols during a 3-day planning and training retreat, 
protocol-based delivery, a comprehensive MSOP, field training, structured 
recording forms, monthly field team meetings, audit, observation, feedback, and 
participant interviews.
Timetable for the MOA Trial
June 2007 – Grant awarded by the health research Council of new Zealand
november 2007 – ethical approval granted by the Lower South regional 
ethics Committee of the new Zealand Ministry of health
10 april 2008 – recruitment started
april 2009 – recruitment completed
april 2009 – First participant completed 1-year follow-up
april 2010 – Last participant completed 1-year follow-up
april 2011 – Last participant completes 2-year follow-up
april 2014 – Last participant completes 5-year follow-up
Results
recruitment commenced april 2008. eleven months after the start of the trial, 
based on higher than expected retention rates at follow-up, a new sample size 
calculation showed that, allowing for 10% attrition, only 200 participants were 
required. One year follow-up was completed april 2010. Figure 2 illustrates 
participant flow through the trial. The baseline characteristics of the 206 
participants are reported in table 3. Mean age was 66 years (range 37 to 92), and 
mean (SD) WOMaC composite score was 100.8 (53.8) at baseline. We recruited 
116 participants from primary care, with WOMaC scores of 80.61 (51.03), and 
90 from secondary care (127.30 (47.70)). a total of 44 (21%) participants had 
replacement surgery of the index hip or knee during the trial. We retained 193 
(93.2%) of all participants at one-year follow-up.51
the intention to treat factorial analysis for all participants indicated a 
statistically significant difference between WOMAC scores at one year for 
manual therapy versus no manual therapy, in addition to usual care (p=0.030 
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Figure 2: Diagram of participant flow
Oa = osteoarthritis; rn = research nurse; Cra = Clinical research administrator; Mt = manual 
physiotherapy; ex = exercise physiotherapy; Gp = general medical practitioner.
Assesed for eligibility
(n = 299)
Randomised
(n = 206)
(Knee n = 113, Hip n = 93)
Ineligible (n = 78)
  Not osteoarthritis (38)
  Ineligible medication (11)
  Neurological disorder (7)
  Primary low back pain (4)
  Prior surgery (4)
  Hypertension (4)
  Surgery booked (4)
  Bleeding disorder (2)
  Cardiorespiratory safety (2)
  Overweight (1)
  Previous fracture (1)
Eligible but not recruited (n = 15)
  Declined (15)
Usual care only:
  (n = 51)
Received allocated 
intervention
  (n = 51)
Did not receive 
allocated 
intervention (n = 0)
Usual care plus 
exercise 
physiotherapy:
  (n = 51)
Received allocated 
intervention
  (n = 51)
Did not receive 
allocated 
intervention (n = 0)
Usual care plus 
manual 
physiotherapy:
  (n = 54)
Received allocated 
intervention
  (n = 54)
Did not receive 
allocated 
intervention (n = 0)
 
Usual care plus 
combined 
exercise therapy 
and manual 
physiotherapy:
  (n = 50)
Received allocated 
intervention
  (n = 50)
Did not receive 
allocated 
intervention (n = 0)
Lost to follow-up 
  (n = 4)
  Deceased (1)
  Ill health (2)
 Ill health of spouse 
(1)
 
Lost to follow-up 
  (n = 2)
  Dementia (1)
 Personal reasons 
(1)
 
Lost to follow-up 
  (n = 3)
  Lost contact (2)
  Ill health (1)
Lost to follow-up 
  (n = 5)
 Deceased (1)
 Deteriorating 
eyesight (1)
 Too busy (2)
 Ill health, complic-
ations following 
arthroplasty (1)
Analysed (n = 51)
Excluded from 
analysis  (n = 0)
Analysed (n = 51)
Excluded from 
analysis  (n = 0)
Analysed (n = 54)
Excluded from 
analysis  (n = 0)
Analysed (n = 50)
Excluded from 
analysis  (n = 0)
Analysis
Allocated to:
1 year follow-up
n 42 Management of Osteoarthritis
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Table	  3   Characteristics	  of	  participants	  at	  entry	  to	  the	  trial* 
	  	  
Usual	  care	  
control	  
(n=51)	  
Usual	  care	  
plus	  manual	  
therapy	  
(n=54)	  
Usual	  care	  
plus	  exercise	  
therapy	  
(n=51)	  
Usual	  care	  
plus	  
combined	  
exercise	  +	  
manual	  
therapy	  
(n=50)	  
Demographic	   	   	   	   	  
Men,	  n	  (%	  of	  group)	   26	  (51.0)	   26	  (48.1)	   19	  (37.3)	   21	  (42.0)	  
Women,	  n	  (%	  of	  group)	   25	  (49.0)	   28	  (51.9)	   32	  (62.7)	   29	  (58.0)	  
Age	  (years)	   66.1	  (10.7)	   67.3	  (10.2)	   66.9	  (8.2)	   66.0	  (8.9)	  
Body	  mass	  index	  (kg/m2)	   29.5	  (5.8)	   29.2	  (5.9)	   29.3	  (6.0)	   30.1	  (5.4)	  
Clinical	   	   	   	   	  
WOMAC	  score	  (range	  0	  to	  240,	  
lower	  scores	  represent	  less	  pain,	  
stiffness	  and	  disability)	   93.8	  (52.8)	   114.8	  (56.3)	   95.5	  (57.3)	   99.1	  (48.8)	  
Timed	  up	  and	  go	  test	  (s)	   7.69	  (3.26)	   7.68	  (3.07)	   7.50	  (3.14)	   6.88	  (2.33	  
30-­‐second	  sit	  to	  stand	  test	  (no.	  of	  
stands):	   9.65	  (4.29)	   9.80	  (4.54)	   10.39	  (4.37)	   10.60	  (3.79)	  
40	  m	  self-­‐paced	  walk	  time	  (s):	   33.21	  (12.42)	   33.67	  (10.18)	   33.42	  (11.14)	   30.93	  (8.37)	  
Pain	  intensity	  score	  (range	  0	  to	  
10,	  higher	  scores	  represent	  more	  
pain)	   3.1	  (2.0)	   4.2	  (2.3)	   3.5	  (2.0)	   4.0	  (2.1)	  
Quadriceps	  muscle	  strength	  
(kg/kg	  body	  mass)	   0.21	  (0.12)	   0.20	  (0.09)	   0.20	  (0.07)	   0.20	  (0.08)	  
Duration	  since	  first	  diagnosis	  of	  
osteoarthritis	  (years)	   2.8	  (1.3)	   2.5	  (1.4)	   2.6	  (1.4)	   2.9	  (1.3)	  
Mental	  health	  (depression	  
screening	  test)	  score	  indicates	  
low	  risk	  of	  depression,	  n	  (%	  of	  
group)	  
26	  (51.0)	   27	  (50.9)	   27	  (52.9)	   28	  (56.0)	  
Hip	  osteoarthritis,	  n	  (%	  of	  group)	   23	  (45.1)	   24	  (44.4)	   22	  (43.1)	   21	  (42.0)	  
Knee	  osteoarthritis,	  n	  (%	  of	  
group)	   28	  (54.9)	   30	  (55.6)	   29	  (56.9)	   29	  (58.0)	  
Both	  hip	  and	  knee	  osteoarthritis,	  
n	  (%	  of	  group)	   13	  (25.5)	   12	  (22.2)	   10	  (19.6)	   17	  (34.0)	  
*Values	  are	  mean	  (SD)	  unless	  specified	  otherwise.	  
WOMAC	  denotes	  Western	  Ontario	  and	  McMaster	  osteoarthritis	  index.	  
 
table 3: Characteristics of participants at entry to the trial*
adjusted, 0.027 unadjusted), but did not reach significance for exercise therapy 
versus no exercise therapy (p=0.061 adjusted, 0.079 unadjusted). there was a 
large antagonistic interaction between manual therapy and exercise therapy 
[coefficient (SE) of interaction term 22.9 (12.6), P=0.072 in adjusted model 
with all participants, p=0.066 unadjusted]. For participants who did not have 
joint replacement surgery during the trial, differences between WOMaC 
scores at one year for manual therapy versus no manual therapy (p<0.001) and 
exercise therapy versus no exercise therapy (p=0.031) were both statistically 
significant. Again there was a large antagonistic interaction effect (coefficient 
28.7, Se 11.3, p=0.012). therefore we also present here the “inside the table” 
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Figure 3: Mean WOMaC score at baseline 9 weeks, 6 months and one year for (a) participants with 
no joint replacement surgery during the trial (n=162) and (b) all participants (n=206).
note: all participants continued to receive usual medical care throughout the trial.
analyses comparing usual care alone versus manual therapy in addition to usual 
care, exercise therapy in addition to usual care, and the combined therapies in 
addition to usual care2,3,58-60.
In the intention to treat analysis, all intervention groups improved but only 
usual care plus manual therapy and usual care plus exercise therapy achieved 
clinically significant reductions of >28 WOMAC points from baseline (Table 4). 
the usual care plus combined therapy group also improved from baseline but 
failed to meet our criterion for clinical significance (mean 27.4, SD 41.1). The 
gains over usual care alone were 28.5 (95% CI 9.2 to 47.8) points for manual 
therapy, 16.4 (-3.2 to 35.9) points for exercise therapy, and 14.5 (-5.2 to 34.1) 
points for the combined therapies programme (Figure 3).51
For participants with no joint replacement surgery during the trial, compared 
with usual care alone there was a statistically significant improvement in 
WOMaC scores for all three interventions (mean reduction 31.9 (16.2 to 47.7) 
for manual therapy, 16.3 (95% CI 0.3 to 32.2) for exercise therapy, 18.9 (2.7 to 
35.2) for the combined therapies).
the effects of the three physiotherapy interventions on WOMaC scores 
were not statistically different by joint affected (hip versus knee term in main 
general linear regression models for all participants p=0.782, participants with 
no hip or knee replacement surgery p=0.250). Irrespective of joint affected the 
n 44 Management of Osteoarthritis
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Table	  5	  	  	  Mean	  (95%	  confidence	  interval)	  change	  in	  WOMAC	  score	  from	  baseline	  to	  
one	  year	  follow-­‐up	  by	  joint	  affected,	  and	  per-­‐protocol	  analysis	  of	  change	  in	  WOMAC	  
among	  compliers	  to	  treatment,	  for	  participants	  with	  hip	  and	  knee	  osteoarthritis	  who	  
did	  not	  have	  joint	  replacement	  surgery	  during	  the	  trial	  
	  
Usual	  care	  
control	  
(n=43)	  
Usual	  care	  plus	  
manual	  therapy	  
(n=42)	  
Usual	  care	  plus	  
exercise	  therapy	  
(n=40)	  
Usual	  care	  plus	  
combined	  exercise	  
+	  manual	  therapy	  
(n=37)	  
Hip	  
osteoarthritis	  
(n=61)	  
6.6	  (-­‐13.2	  to	  26.4)	   -­‐22.9	  (-­‐43.3	  to	  -­‐2.6)	   -­‐12.4	  (-­‐27.1	  to	  2.3)	   -­‐7.9	  (-­‐30.9	  to	  15.3)	  
Knee	  
osteoarthritis	  
(n=101)	  
1.6	  (-­‐10.5	  to	  13.7)	   -­‐31.5	  (-­‐52.7	  to	  -­‐10.3)	   -­‐12.7	  (-­‐27.1	  to	  1.7)	   -­‐19.3	  (-­‐33.7	  to	  -­‐4.9)	  
Compliant	  
with	  
attendance	  to	  
>80%	  of	  
scheduled	  
treatment	  
visits	  (n=143)	  
-­‐	   -­‐36.9	  (-­‐53.4	  to	  -­‐20.4)	   -­‐21.5	  (-­‐37.8	  to	  -­‐5.2)	   -­‐17.6	  (-­‐34.5	  to	  0.6)	  
Compliant	  
with	  home	  
reinforcing	  
activities	  >60%	  
(logbook)	  
(n=96)	  
-­‐	   -­‐30.1	  (-­‐50.2	  to	  -­‐10.0)	   -­‐17.0	  (-­‐35.4	  to	  1.4)	   -­‐14.7	  (-­‐33.7	  to	  4.4)	  
WOMAC	  denotes	  Western	  Ontario	  and	  McMaster	  osteoarthritis	  index.	  Negative	  change	  
represents	  improvement.	  Results	  are	  adjusted	  for	  baseline	  WOMAC	  score,	  stratification	  
variable	  (hip	  or	  knee	  condition),	  age,	  body	  mass	  index,	  symptom	  duration,	  quadriceps	  muscle	  
strength,	  depression,	  and	  self-­‐efficacy.	  Dash	  -­‐	  denotes	  not	  applicable.	  Compliers	  analysis	  
excluded	  participants	  in	  the	  active	  intervention	  groups	  not	  compliant	  at	  the	  level	  stated	  and	  
one	  participant	  in	  the	  control	  group	  contaminated	  by	  >4	  non-­‐trial	  physiotherapy	  visits.	  
 
Table 5: Mean (95% confidence interval) change in WOMAC score from baseline to one year follow-
up by joint affected, and per-protocol analysis of change in WOMaC among compliers to treatment, 
for participants with hip and knee osteoarthritis who did not have joint replacement surgery during 
the trial.
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Table	  4	  	  	  Mean	  (SD)	  WOMAC	  scores	  at	  one	  year	  follow-­‐up	  and	  change	  in	  score	  from	  
baseline	  
WOMAC	  score	  
Usual	  care	  
control	  	  
Usual	  care	  plus	  
manual	  
therapy	  
Usual	  care	  
plus	  exercise	  
therapy	  
Usual	  care	  plus	  
combined	  exercise	  
+	  manual	  therapy	  
No	  hip	  or	  knee	  
replacement	  (n=162)	  
89.8	  (56.7)	   75.8	  (55.4)	   72.7	  (54.4)	   80.3	  (51.8)	  
All	  participants	  (n=206)	   80.9	  (57.7)	   73.3	  (54.9)	   66.3	  (54.6)	   71.7	  (50.0)	  
	  
Change	  in	  WOMAC	  score	  from	  baseline	  
No	  hip	  or	  knee	  
replacement	  (n=162)	  
3.7	  (33.4)	   -­‐28.2	  (46.0)	   -­‐12.6	  (31.0)	   -­‐15.3	  (34.4)	  
All	  participants	  (n=206)	   -­‐12.9	  (51.8)	   -­‐41.4	  (55.5)	   -­‐29.3	  (50.4)	   -­‐27.4	  (41.1)	  
WOMAC	  denotes	  Western	  Ontario	  and	  McMaster	  osteoarthritis	  index.	  Negative	  change	  
represents	  improvement.	  Results	  are	  adjusted	  for	  baseline	  WOMAC	  score,	  stratification	  
variable	  (hip	  or	  knee	  condition),	  age,	  body	  mass	  index,	  symptom	  duration,	  quadriceps	  
muscle	  strength,	  depression,	  and	  self-­‐efficacy.	  
 
table 4: Mean (SD) WOMaC scores at one year follow-up and change in score from baseline.
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greatest mean response was seen with usual care plus manual therapy (table 5). 
Benefits were seen at nine week follow-up and maintained to six months and 
one year (Figure 3).
Of the participants randomized to the three active intervention groups, 88.3% 
attended of at least 80% of scheduled intervention visits, and 42.8% returned 
logbooks demonstrating compliance with their programme of reinforcing 
activities at home. One participant randomized to usual care sought 4 or more 
non-trial physiotherapy visits. per-protocol analyses of the primary outcome 
(WOMaC) for compliant participants are presented in table 5.
Secondary outcomes also showed consistent benefits favouring all three 
physiotherapy interventions in addition to usual care (table 6). Outcomes of 
the physical performance tests (timed up and go, 30 second sit to stand, 40 
metre self-paced walk) favoured exercise therapy in addition to usual care. the 
proportion of OMeraCt-OarSI responders in the three intervention groups 
differed from than in the usual care only group. the numbers needed to treat 
to achieve one OMeraCt-OarSI responder are reported in table 6. the 
proportion of participants proceeding to joint replacement surgery at one year 
did not differ significantly between the groups (P=0.65) (Table 6). We detected 
no trial-related serious adverse events. We detected one adverse event in the 
combined therapy group, related to exercise therapy (inguinal hernia). 
Economic Evaluation
all three treatment programmes resulted in incremental QaLY gains relative to 
usual care52. From the perspective of the new Zealand health system, exercise 
therapy was the only treatment to result in an incremental cost utility ratio 
under 1x GDP per capita at NZ$26 400 (−$34 081 to $103 899). From the 
societal perspective manual therapy was cost saving relative to usual care for 
most scenarios studied. exercise therapy resulted in incremental cost utility 
ratios regarded as cost effective but was not cost saving. For most scenarios 
combined therapy was not as cost effective as the two therapies alone.52
Discussion
this randomized clinical trial investigated the additional effectiveness of three 
physiotherapy intervention protocols in addition to usual care, over usual care 
alone.51 We retained 93.2% of the trial participants to one year of follow-up. 
We have shown that both manual physiotherapy and exercise physiotherapy 
in addition to usual care produce significant improvements in symptoms and 
physical function, respectively, in patients with moderate to severe osteoarthritis 
of the hips or knees. the improvements in pain and disability were evident at 
nine weeks and sustained for a year.51 the economic evaluation showed that 
exercise therapy and manual therapy were more cost effective than usual care 
at policy relevant values of willingness-to-pay from both the perspective of the 
health system and society.52
In our intention to treat analysis we included all participants. Usual care plus 
n 46 Management of Osteoarthritis
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Table	  6	  	  	  Changes	  in	  secondary	  outcome	  measures	  from	  baseline	  to	  one	  year	  follow-­‐
up.	  Values	  are	  mean	  change	  in	  test	  score	  (or	  time)	  from	  baseline	  to	  one	  year	  (95%	  
CI)	  unless	  specified	  otherwise.	  
 
Secondary	  outcome	  
Usual	  care	  
control	  	  
Usual	  care	  plus	  
manual	  
therapy	  
Usual	  care	  
plus	  exercise	  
therapy	  
Usual	  care	  plus	  
combined	  
exercise	  +	  
manual	  therapy	  
Timed	  up	  and	  go	  test	  (s)*:	  	  
No	  hip	  or	  knee	  
replacement	  (n=162)	  
0.51	   -­‐0.08	   -­‐0.87	   -­‐0.28	  
(-­‐0.42	  to	  1.43)	   (-­‐0.94	  to	  1.10)	   (-­‐1.32	  to	  -­‐0.42)	   (-­‐0.73	  to	  0.16)	  
All	  participants	  (n=206)	   -­‐0.03	   -­‐0.17	   -­‐1.03	   -­‐0.22	  (-­‐0.94	  to	  0.88)	   (-­‐1.00	  to	  0.67)	   (-­‐1.54	  to	  -­‐0.52)	   (-­‐0.64	  to	  0.19)	  
30-­‐second	  sit	  to	  stand	  test	  (no	  of	  stands)	  :	  	  
No	  hip	  or	  knee	  
replacement	  (n=162)	  
0.02	   0.67	   1.60	   1.59	  
(-­‐0.79	  to	  0.84)	   (-­‐0.12	  to	  1.45)	   (0.80	  to	  2.40)	   (0.60	  to	  2.59)	  
All	  participants	  (n=206)	   0.59	   0.76	   1.47	   1.74	  
(-­‐0.25	  to	  1.42)	   (-­‐0.04	  to	  1.56)	   (0.65	  to	  2.29)	   (0.85	  to	  2.63)	  
40	  m	  self-­‐paced	  walk	  time	  (s)*:	  	  
No	  hip	  or	  knee	  
replacement	  (n=162)	  
0.78	   -­‐0.50	   -­‐3.18	   -­‐0.61	  
(-­‐1.40	  to	  2.95)	   (-­‐3.70	  to	  2.70)	   (-­‐4.41	  to	  -­‐1.94)	   (-­‐2.22	  to	  1.00)	  
All	  participants	  (n=206)	   -­‐0.63	   -­‐1.68	   -­‐4.78	   -­‐1.07	  
(-­‐2.90	  to	  1.64)	   (-­‐4.39	  to	  1.02)	   (-­‐7.03	  to	  -­‐2.54)	   (-­‐2.48	  to	  0.34)	  
Pain	  intensity	  score	  (range	  0	  to	  10,	  negative	  scores	  indicate	  reduced	  pain):	  
No	  hip	  or	  knee	  
replacement	  (n=162)	  
0.35	   -­‐1.10	   -­‐0.45	   -­‐0.84	  
(-­‐0.26	  to	  0.96)	   (-­‐2.09	  to	  -­‐0.11)	   (-­‐1.14	  to	  0.24)	   (-­‐1.70	  to	  0.28)	  
All	  participants	  (n=206)	  
-­‐0.06	   -­‐1.52	   -­‐0.96	   -­‐1.58	  
(-­‐0.71	  to	  0.60)	   (-­‐2.42	  to	  -­‐0.62)	  	   (-­‐1.65	  to	  -­‐0.27)	  	   (-­‐2.40	  to	  -­‐0.76)	  	  
OMERACT-­‐OARSI	  responders,	  no	  (%	  of	  group):	  	  
No	  hip	  or	  knee	  
replacement	  (n=162)	  	  
10	  (23.3%)	   21	  (50.0%)	   16	  (40.0%)	   12	  (32.4%)	  
All	  participants	  (n=206)	   18	  (35.3%)	   31	  (57.4%)	   26	  (51.0%)	   24	  (48.0%)	  
Relative	  Risk	  for	  surpassing	  OMERACT-­‐OARSI	  response	  criteria,	  RR	  (95%CI):	  	  
No	  hip	  or	  knee	  
replacement	  (n=162)	   -­‐	  
2.15	  (1.15	  to	  
4.00)	  
1.72	  (0.89	  to	  
3.34)	  
1.39	  (0.68	  to	  
2.85)	  
All	  participants	  (n=206)	   -­‐	   1.63	  (1.05	  to	  2.52)	  
1.44	  (0.92	  to	  
2.29)	  
1.36	  (0.85	  to	  
2.18)	  
Number	  needed	  to	  treat‡:	  	  
No	  hip	  or	  knee	  
replacement	  (n=162)	  
-­‐	   4	  (2	  to	  17)	   6	  (3	  to	  ∞)	   11	  (3	  to	  ∞)	  
 5 
All	  participants	  (n=206)	   -­‐	   5	  (2	  to	  29)	   6	  (3	  to	  ∞)	   8	  (3	  to	  ∞)	  
Adverse	  events,	  no	  (%	  of	  group):	  	  
No	  hip	  or	  knee	  
replacement	  (n=162)	  
1§	   0	   0	   1§	  
All	  participants	  (n=206)	  
1§	   0	   0	   3¶ 
 
Joint	  replacement	  surgeries,	  no	  (%	  of	  group):	  	  
All	  participants	  (n=206)	   8	  (15.7%)	   12	  (22.2%)	   11	  (21.6%)	   13	  (26.0%)	  
*	  Negative	  times	  represent	  shorter	  time	  to	  complete,	  indicating	  improvement.	  
	  Positive	  values	  represent	  more	  repetitions,	  indicating	  improvement.	  
‡	  Values	  are	  the	  number	  needed	  to	  treat	  to	  achieve	  one	  OMERACT-­‐OARSI	  responder.	  
§	  Non-­‐trial	  related	  death.	  
¶	  1	  possibly	  trial	  related	  inguinal	  hernia	  associated	  with	  exercise;	  1	  non-­‐trial	  related	  post	  operative	  
complication	  following	  total	  knee	  arthroplasty;	  1	  non-­‐trial	  related	  death. 
OMERACT-­‐OARSI	  denotes	  Outcome	  Measures	  in	  Rheumatoid	  Arthritis	  Clinical	  Trials	  –	  Osteoarthritis	  
Research	  Society	  International.	  
table 6: Changes in secondary outcome measures from baseline to one year follow-up. Values are 
mean change in test score (or time) from baseline to one year (95% CI) unless specified otherwise.
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  International.	  
manual therapy showed clinically and statistically significant improvements in 
the primary outcome – change in WOMaC score – compared with usual care 
alone, while usual care plus exercise therapy showed significant improvements 
in all three physical performance outcome measures. Joint replacement surgery 
significantly affects both pain and disability and was therefore identified a priori as 
an important confounding factor.61-63  When we analysed the primary outcome 
(WOMaC) data excluding the 44 participants who had a joint replacement 
during the trial, both manual therapy and exercise therapy showed statistically 
significant benefit. 
exercise is an established effective therapy, however the most effective form 
of this therapy is not clear and recommendations have largely been based on 
short term trials only.64 We have shown a supervised, individually prescribed, 
progressive multi-modal exercise programme, in addition to usual care, produces 
sustained benefit to one year follow-up, with respect to physical performance 
tests in all participants and also self-reported measures in participants who did 
not have joint replacement surgery during the trial. 
Our results are consistent with those of hoeksma et al, who found manual 
therapy to be superior to exercise therapy for patients with hip osteoarthritis.11 
While our trial was not intended to compare these two modes of physiotherapy, 
and the comparison was not tested statistically, in terms of mean effect the 
manual physiotherapy packages of care delivered in our trial provided greater 
reductions in WOMaC scores than did exercise therapy. this was the case for 
both hip osteoarthritis and knee osteoarthritis. Both programmes required nine 
supervised sessions at a physiotherapy centre, in addition to usual care, with 
recommendations that the participants also complete a prescribed programme 
of reinforcing activities three times a week at home. 
the combination of exercise and manual therapy did not produce additional 
benefit. There was a significant antagonistic interaction between the two 
interventions and the combination was generally less effective, or at best no 
more effective, than either intervention alone. these results are consistent 
with those of Deyle et al, who, in patients with knee osteoarthritis, initially 
found a programme of manual therapy plus exercise therapy to be superior 
to placebo,10 however in a subsequent trial comparing the same intervention 
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to an unsupervised home exercise programme, no significant difference was 
seen at one year.9 the independent contributions of exercise therapy or manual 
therapy cannot be ascertained from the two trials by Deyle et al. In patients with 
knee osteoarthritis in our trial, the combination of manual therapy plus exercise 
therapy was associated with non-significantly greater mean WOMAC gains than 
was exercise therapy alone (20.9 versus 14.3 WOMaC points over usual care), 
but manual therapy alone was associated with the greatest gains (33.1 WOMaC 
points over usual care). It is probable that those in the combined therapy group 
spent less time on each intervention than did those who received only one 
intervention, and hence decreased the effectiveness of both modalities. 
a limitation of this trial is that, due to the adverse interaction between the two 
main effects, we must rely on the “inside the table” analyses comparing each of 
the three intervention groups (manual therapy in addition to usual care, exercise 
therapy in addition to usual care, and the combined therapies in addition to usual 
care) to the usual care only control. as we did not make adjustments for multiple 
comparisons, our results should be limited to interpretation as generating 
a hypothesis that both manual therapy and exercise therapy are effective 
interventions for hip and knee osteoarthritis, and should not be considered 
confirmatory evidence of efficacy. Multiple statistical comparisons can limit the 
interpretation of some trials: we limited the potential impact of this by pre-
specifying our primary and secondary comparisons,1 limiting the comparisons 
made to comparing the primary outcome measure in each active intervention 
group to the usual care control only, refraining from testing at multiple endpoints, 
not attempting comparisons between sub-groups (other than the stratification 
factor), and not conducting comparisons of the secondary outcome measures, 
instead reporting confidence intervals around group estimates. There remains, 
however, the risk of positive results arising by chance alone, particularly among 
the secondary outcomes. 
In terms of other limitations, it is possible that the physiotherapists delivering 
the interventions may have exerted bias disadvantaging one or more of the 
active intervention arms. We think this unlikely, however, because although 
exercise physiotherapy in addition to usual care did not provide clinically or 
statistically significant changes compared with usual care alone (in the main 
intention-to-treat analysis of the primary patient-reported outcome measure) 
physical performance test results strongly favoured those in the exercise therapy 
group. These findings are consistent with evidence that self-reported measures of 
outcome, such as the WOMaC, capture different constructs of physical function 
compared with physical performance tests, leading to recommendations that 
both measures of outcome are necessary and important.65-67 the effect of joint 
replacement surgery, an unplanned, non-randomised co-intervention, has the 
potential to limit interpretation of the effects of the trial interventions. as it 
has the effect of influencing the primary outcome (WOMAC score) downward 
(as shown in table 4), we suggest that the subgroup analyses excluding those 
participants who had joint replacement surgery is likely to be a more accurate 
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estimate of the effects of the trial interventions. In that analysis, exercise therapy 
showed significant effect on both the primary outcome (WOMAC) and quality-
adjusted life years (QaLYs) gained, as reported separately in the economic 
evaluation conducted alongside this trial.68 note also that our compliance 
analysis is limited by low return of the logbook used for participants’ self-report 
of compliance with their prescribed programme of reinforcing activities at home. 
this gives the impression of poor compliance with the prescribed programme 
of reinforcing activities, however our anecdotal impression from speaking with 
participants was that they may have been more compliant with doing their home 
reinforcing activities than they were with filling out and returning their logbooks. 
We therefore advise caution interpreting compliance to the home programme, 
and the associated subgroup analysis of compliers. 
Our study was not intended to directly compare the physiotherapy 
interventions. as both manual therapy and exercise therapy appear effective, in 
addition to usual care alone, depending on the outcome of interest, the choice 
of therapy should be determined by patient characteristics and patient choice. 
The addition of manual therapy to usual care confers patient-reported benefit 
(on the WOMAC), while exercise therapy confers physical performance benefits. 
This may influence patient choice. Patient characteristics that might favour 
manual therapy include restricted active and passive joint motion, while factors 
that might favour exercise therapy include lower limb skeletal muscle atrophy 
and low aerobic fitness, however there is little evidence as yet to support these 
suggestions.69,70 Our results do not support the use of both interventions within 
a single treatment session, as our combination therapy group generally showed 
lower mean gains than either manual therapy or exercise therapy alone. We 
therefore recommend that therapists ensure that adequate time is dedicated 
to delivering each individual intervention. In our protocols this involved nine 
approximately 50 minute sessions (seven sessions in the first nine weeks, then 
two booster sessions after a further seven weeks) of interventions that started 
at a high enough level to challenge the limits of the individual patient. they were 
gradually progressed to higher levels of resistance, stretch, repetitions, difficulty 
and/or duration, such that the programme remained challenging and continued 
to progressively stimulate physiological change. It should not be assumed that 
our findings would be applicable to delivery of truncated or deviating protocols.
In conclusion, we have shown that manual physiotherapy provided significant, 
clinically important and sustained improvements in symptoms for patients with 
osteoarthritis of hips or knees. exercise physiotherapy also provided sustained 
benefit, with respect to physical performance tests in all participants and both 
self-reported measures and physical performance tests in participants who did 
not have joint replacement surgery during the trial. While not definitive, these 
findings indicate that our manual physiotherapy and exercise therapy protocols 
may be efficacious treatments for patients with hip and knee osteoarthritis, to 
improve function and relieve symptoms prior to considering joint replacement 
surgery, but not both treatments delivered in the same treatment sessions.
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Chapter three
Exercise Therapy
for Patients with Hip OA
hip exercise protocol
hip home exercise programme
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Hip Exercise Protocol
General Guidelines
SeCtIOn 1: COre prOtOCOL eXerCISeS
Four components: aerobic/warmup; Strengthening; Stretching; neuromuscular 
control
Each participant performs all four components of the programme
Aerobic: to be performed for up to 10 minutes at moderate level as warm-up
Strengthening: all strengthening exercises must be performed.
Dose:  3 sets of 10 repetitions with a 3 second hold 
Stretching: all stretches must be performed each session, until goals are met. 
Dose:  2 minutes total with 20-60 sec hold times
Goals: the following stretches can be discontinued when the goal is met
• Hamstring stretch discontinued after meeting 90/90 test. patient must 
achieve 150o of knee extension (neutral = 180°) or greater with hip at 90o
• Calf stretch discontinued after meeting 10o ankle DF with knee 
extended and 20o DF with knee bent
Neuromuscular control: Choose the 3 most challenging exercises the 
patient can achieve safely. 
Dose: 6 minutes total exercise, 2 minutes each exercise, 3 exercises. May do 
3 different exercises or repeat any exercise more than once, and count the 
repeat as a new exercise.
SeCtIOn 2:  aDDItIOnaL IMpaIrMentS-BaSeD eXerCISeS
Additional techniques: For those patients who test positive for additional 
impairments at the initial assessment, the following exercises may be prescribed 
based on the clinical judgment of the clinician. Dose parameters follow the 
guidelines listed above for strengthening and stretching.
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SECTION 1
CORE PROTOCOL EXERCISES
aerOBIC eXerCISe
• Cycling or Treadmill walking is performed up to 10 minutes with the patient 
achieving Level 13 of the Borg perceived exertion rate within 2 minutes of activity. 
exercise is discontinued if patient reports an increase in pain ≥ 2 points on nprS.
• NOTE: Follow monitoring rules, where applicable, for participants with identified 
cardiovascular risk.
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StrenGthenInG 
• DOSE: Each strengthening exercise is done for 3 sets of 10 with a 3 second hold 
or until fatigue. exercise is discontinued if patient reports an increase in pain ≥ 2 
points on nprS, however this should be avoided by ensuring appropriate starting 
intensity / resistance.
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LeVeL 1 – SUpIne hIp 
aBDUCtIOn:
patient lies supine and actively 
abducts the involved hip 
through the available rOM.
progression � patient is 
progressed to level 2 when 3 
sets of 10 of level 1 exercise 
is no longer challenging and 
patient is performing activity 
with ease and good
form.
LeVeL 2 – StanDInG hIp 
aBDUCtIOn: patient is 
standing and actively abducts 
the involved hip through the 
available rOM.
progression � patient is 
progressed to level 3 when 3 
sets of 10 of level 2 exercise 
is no longer challenging and 
patient is performing activity 
with ease and good form.
LeVeL 3 – SIDeLYInG hIp 
aBDUCtIOn: patient is 
positioned in sidelying and 
actively abducts the involved 
hip through the available rOM. 
**activity may be progressed 
with use of ankle weights 
to increase resistance. hep 
modified to standing with 
theraband**
WEAk HIP ABDUCTORS
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LeVeL 1 – SUpIne GLUt SetS:
patient is supine and performs 
an isometric glut contraction.
 
progression � patient is 
progressed to level 2 when 3 
sets of 10 of level 1 exercise 
is no longer challenging and 
patient is performing activity 
with ease and good form.
LeVeL 2 – SUpIne BrIDGInG:
patient is supine with knees 
bent 90o. patient actively 
performs a glut contraction 
while lifting the hips and pelvis 
off the floor to obtain a bridge 
position.
progression � patient is 
progressed to level 3 when 3 
sets of 10 of level 2 exercise 
is no longer challenging and 
patient is performing activity 
with ease and good form.
LeVeL 3 – SUpIne 
UnILateraL BrIDGInG:
patient is supine with knees 
bent 90o. patient actively 
performs a glut contraction 
while lifting the hips and pelvis 
off the floor to obtain a bridge 
position. Unaffected knee is 
extended from flexed position 
and held. 
**exercise may be progressed 
with adding cuff weights around 
ankle**
WEAk HIP EXTENSORS
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LeVeL 1 – CLaMSheLLS:
patient is positioned in sidelying 
with knees bent 90o. patient 
actively externally rotates the 
upper leg through the available 
rOM while maintaining the 
pelvis in neutral alignment and 
keeping the feet together.
progression � patient is 
progressed to level 2 when 3 
sets of 10 of level 1 exercise 
is no longer challenging and 
patient is performing activity 
with ease and good form.
LeVeL 2 – CLaMSheLLS 
WIth reSIStanCe:
as above with theraband  or 
cuff weight around the knees to 
increase resistance.
progression � patient is 
progressed to level 3 when 3 
sets of 10 of level 2 exercise 
is no longer challenging and 
patient is performing activity 
with ease and good form.
LeVeL 3 – CLaMSheLLS WIth 
InCreaSeD reSIStanCe:
as above with increased level 
of resistance using theraband.
WEAk HIP EXTERNAL ROTATORS
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LeVeL 1-LeG preSS:
patient is seated holding a 
resistive band in both hands. 
patient places his or her foot 
against the band, and then 
straightens the affected knee 
by pushing the foot down and 
forward by contracting the 
gluteal and quadriceps muscles. 
Unaffected knee is kept bent to 
avoid stess on low back. hold for 
3 seconds with knee as straight 
as possible.
progression � patient is 
progressed to level 2 when 3 sets 
of 10 of level 1 exercise is no 
longer challenging and patient is 
performing activity with ease and 
good form.
LeVeL 2-partIaL SQUatS:
patient is asked to perform a 
partial squat within the available 
rOM with or without use 
of upper extremity support. 
Support from hands on the back 
of a chair provides partial weight-
bearing.
progression � partial squats with 
the patient’s back against the wall.
progression � patient is 
progressed to level 3 when 3 sets 
of 10 of level 2 exercise is no 
longer challenging and patient is 
performing activity with ease and 
good form.
LeVeL 3-SIt tO StanD: patient 
is asked to sit in a chair of 
standard height and stand with or 
without use of upper extremity 
support. **May be advanced with 
use of medicine ball**
WEAk kNEE EXTENSORS
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StretChInG
DOSe: 2 minute total for each stretch, comprising 20-60 seconds holds
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thOMaS teSt pOSItIOn: 
the patient sits at the edge of 
the plinth. Subject is told to 
place hands under uninvolved 
knee and bring knee to chest 
and lay back with assistance 
from examiner. the knee should 
only be pulled toward the 
chest enough to flatten the low 
back and sacrum on the table. 
the involved hip/knee is then 
allowed to extend. 
**Modify position to side of 
bed depending on patient 
ability**
**alternatively, or progress 
to, Quadriceps muscle stretch 
in standing with affected leg/
foot onto chair until stretch is 
felt (pictured in knee exercise 
protocol)
HIP FLEXOR/QUADRICEPS MUSCLE TIGHTNESS
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SInGLe Knee tO CheSt:
patient lies on his/her back 
pulling the affected knee 
toward the chest until a stretch 
is felt in the buttock. the non-
involved leg is kept as straight 
as possible.
**nB: this can be achieved at 
the same time as the above 
thomas test position stretch 
is being performed on the 
contralateral limb.
 
HIP EXTENSOR MUSCLE TIGHTNESS
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haMStrInG StretCh:
patient is positioned in either 
sitting or standing position. 
affected leg is kept straight 
and patient attempts to reach 
toward the toes keeping the 
low back in a neutral position 
until a stretch is felt.
alternative position in lying.
kNEE FLEXOR/HIP EXTENSOR TIGHTNESS
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CrOOKLYInG/FaBer 
StretCh:
patient assumes a supine 
position with knees bent to 
90°. Affected hip is externally 
rotated until stretch is felt.
**Can be progressed into 
“figure 4” position or 
performed in sitting**
HIP ABDUCTOR/EXTERNAL ROTATION  TIGHTNESS
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CaLF StretCh:
patient assumes a standing 
position with involved lower 
extremity placed behind the 
non-involved, toes pointing 
forward. patient’s arms are 
placed on wall and involved 
knee is kept straight with heel 
flat to the floor until stretch is 
felt in back of calf.
ANkLE PLANTAR FLEXOR/kNEE FLEXOR TIGHTNESS
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neUrOMUSCULar COntrOL eXerCISeS
DOSe: each patient is to perform 3 of the following exercises for a duration 
of 2 minutes each. Select exercises that challenge the patient. exercises can be 
repeated if unable to perform 3 different activities or if some exercises are too 
easy. Goal is 6 minutes of neuromuscular exercises. exercise is discontinued 
if patient reports an increase in pain ≥ 2 points on nprS. progress exercises 
regularly as performance improves to provide variability and ensure patient is 
sufficiently challenged.
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LeVeL 1 – FOrWarD anD 
LateraL WeIGht ShIFtS 
eYeS Open:
patient assumes a standing 
position with feet side by side 
or in walking stance. purpose 
is to increase proprioception 
in the affected lower extremity 
by shifting weight over the 
involved hip then return to 
start position. Watch for 
compensations at the trunk or 
hip.
progression �  patient 
advances to level 2 when 3 sets 
of 30 seconds are performed 
with ease and good form.
LeVeL 2 – FOrWarD anD 
LateraL WeIGht ShIFtS 
eYeS ShUt:
as above with eyes closed.
progression � patient advances 
to level 3 when 3 sets of 30 
seconds are performed with 
ease and good form.
LeVeL 3 – tanDeM StanCe 
WeIGht ShIFt eYeS Open:
patient assumes heel to toe 
position with involved hip 
forward. Weight is to be shifted 
onto the involved hip keeping 
the eyes open. **progress to 
eyes closed if needed**
STANDING WEIGHT SHIFTS
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Balance
LeVeL 1 – DOUBLe LeG 
FOaM BaLanCe:
participant stands with both 
feet on a soft foam surface.
progression � patient advances 
to level 2 when 3 sets of 30 
seconds are performed with 
ease and good form.
LeVeL 2 – DOUBLe LeG 
WOBBLe BOarD:
participant stands with both 
feet on a wobble board surface.
progression � patient advances 
to level 3 when 3 sets of 30 
seconds are performed with 
ease and good form
LeVeL 3 – SInGLe LeG 
StanCe On FLOOr:
participant stands on involved 
leg maintaining single leg 
balance. perform 3 sets 
of 30 seconds. Watch for 
compensation at the hip or 
trunk.
May be progressed to single 
leg stance on foam or wobble 
board.
**May be advanced with 
addition of ball toss or 
pertubations**
BALANCE
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LeVeL 1-SIDe-SteppInG:
participant steps sideways 
keeping the toes pointing 
forward, moving right or left. 
repeat by changing direction 
to return to starting position.  
activities are performed along 
the exercise bar/safety rail 
along the mirrored wall.
progression � patient advances 
to level 2 when side stepping 
on level surface with ease.
LeVeL 2-SIDe-SteppInG 
WIth OBStaCLeS:
Same as above but add cones 
for patient to step over when 
performing activity.
progression � patient advances 
to level 3 when side stepping 
on level surface with obstacles 
can be performed with ease.
 
LeVeL 3 – CarIOCa (or 
BraIDInG):
patient performs front cross-
over stepping with side step, 
b) Back cross-over stepping 
with side step, and c) alternate 
front and back cross-over steps 
(walking carioca). repeat by 
changing direction to return to 
starting position.
SIDE-STEPPING
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place 5 plastic cone markers 
at distances of 2m. the patient 
walks forward to first marker, 
then walks backward to return 
to start. patient then walks to 
4m marker forward, returns 
to start walking backward. 
the participant then walks to 
6m marker, returns to start 
walking backward, then finish 
by walking to the end (8m).
 
SHUTTLE WALkING
Start
2m
4m
6m
8m
forwards
backwards
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patient is asked to ascend/
descend 3 stairs with 
alternating step pattern to 
increase strength and functional 
activity. May use upper 
extremity support if needed. 
alternatives:
Start with low step.
progress to high step.
STAIRS
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SECTION 2
ADDITIONAL IMPAIRMENTS-BASED EXERCISES
For those patients with additional impairments identified at the initial assessment, the 
following exercises may be prescribed based on the clinical judgment of the clinician. 
Dose parameters follow the guidelines listed above for strengthening and stretching.
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LeVeL 1 – SUpIne 
aBDOMInaL BraCInG:
patient is supine with knees 
bent and asked to brace the 
abdomen and hold for 8 
seconds. perform 30 reps.
progression � patient is 
progressed to level 2 when 
30 reps of 8 second holds is 
completed.
LeVeL 2 – SUpIne BraCInG 
WIth heeL SLIDeS:
Same as above while 
performing an active heel slide 
keeping the abdomen braced. 
hold for 4 seconds, perform 
20 reps.
progression � patient is 
progressed to level 3 when 20 
reps per leg of 4 seconds holds 
is completed.
LeVeL 3 – SUpIne BraCInG 
WIth LeG LIFtS:
Same as above while 
performing an active leg lift. 
hold for 4 seconds, perform 
20 reps.
WEAk CORE STABILITy
InDICatIOn: If aberrant lumbar movement including catching, painful arc of 
motion or Gower’s sign.
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LeVeL 1 –BILateraL CaLF 
raISe anD LOWerInG:
patient is positioned in standing 
with both feet on the step. 
patient rises up on toes as 
high as possible, holding for 3 
seconds, then returns slowly to 
start position.
progression � patient is 
progressed to level 2 when 3 
sets of 10 of level 1 exercise 
is no longer challenging and 
patient is performing activity 
with ease and good form.
LeVeL 2 – BILateraL 
CaLF raISe, UnILateraL 
LOWerInG:
patient is instructed to go up 
on toes bilaterally and lower 
only with the involved side 
with or without use of upper 
extremity support.
progression � patient is 
progressed to level 3 when 3 
sets of 10 of level 2 exercise 
is no longer challenging and 
patient is performing activity 
with ease and good form.
LeVeL 3 – UnILateraL 
CaLF raISe, UnILateraL 
LOWerInG:
patient is instructed to raise 
up on involved side, lower with 
involved side with or without 
use of upper extremity support. 
**exercise discontinued when 
patient is able to perform 20 
unilateral calf raises through full 
range with good form**
WEAk ANkLE PLANTARFLEXORS
OR NOTICEABLE ATROPHy
InDICatIOn: If inability to perform 3x10 bilateral calf raises (with full height 
and calcaneal inversion) or noticeable muscle atrophy compared to opposite side.
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WEAk HIP FLEXORS
INDICATION: If unable to perform supine active SLR to contralateral flexed 
knee without quad lag.
LeVeL 1 – StanDInG 
StraIGht LeG raISe:
patient is standing on the 
noninvolved lower extremity 
while actively flexing the 
involved hip through the 
available rOM.
progression � patient is 
progressed to level 2 when 3 
sets of 10 of level 1 exercise 
is no longer challenging and 
patient is performing activity 
with ease and good form.
LeVeL 2 – SUpIne StraIGht 
LeG raISe:
patient is supine with 
noninvolved hip and knee bent 
with involved lower extremity 
extended. patient actively 
flexes the hip to meet the 
contralateral side while keeping 
the knee straight.
progression � patient is 
progressed to level 3 when 3 
sets of 10 of level 2 exercise 
is no longer challenging and 
patient is performing activity 
with ease and good form.
LeVeL 3 – SUpIne 
StraIGht LeG raISe WIth 
reSIStanCe:
as above but with added ankle 
weights to increase resistance.
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trUnK SIDe FLeXIOn 
StretCh:
patient positioned in standing 
with affected side toward the 
wall. patient then stretches 
away from the involved side to 
achieve a stretch. May also be 
performed in sitting.
preSCrIptIOn OF aSSIStIVe 
DeVICe
patient is prescribed an 
appropriate assistive device 
if safety is a concern of the 
assessing clinician.
TRUNk SIDE FLEXION TIGHTNESS
INDICATION: If visual observation of trunk side flexion limitation/tightness.
79 nManagement of Osteoarthritis
Hip Home Exercise Programme
Introduction
General Information
Frequency: 2 sessions per week (~30 minutes per session) or more if you are 
no longer attending treatment. Spread them out through the week.
perform on both legs or worse leg only if short on time
perform these exercises when you are warm and not too stiff, perhaps after a 
short walk.
Warnings:
 – mild muscle or joint pain and stiffness following exercise is normal
  It should settle within an hour
 – If the exercise makes your symptoms worse, either cease the exercise,
  or go down a level, or don’t push yourself quite as hard
Wear comfortable clothing and flat shoes during exercise in a safe 
environment (i.e. away from clutter and close to a table)
Drink a glass of water following exercise
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HIP EXERCISES 1 (GLUTEAL MUSCLES) – STRENGTH
LeVeL 1
While lying on your back, 
bring right/left leg out to side 
contracting buttock muscles 
and hold for 3 seconds. return 
keeping the knee straight. 
repeat 10 times per set. 
Do _____ sets per session.
 
LeVeL 2
Standing on right/left leg with 
upper limb support, lift your 
right/left leg out to the side 
while contracting buttock 
muscles and hold for 3 seconds. 
Keep your leg straight. 
repeat 10 times per set.
Do _____sets per session.
LeVeL 3
as above with addition of 
theraband around ankle. 
repeat 10 times per set.
Do_____sets per session.
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HIP EXERCISES 2 (GLUTEAL MUSCLES) – STRENGTH
LeVeL 1
While lying on your back, 
actively squeeze your buttock 
muscles together and hold for 
3 seconds
repeat 10 times per set.
Do _____sets per session.
LeVeL 2
While lying on your back, bend 
your knees to 90 degrees. 
Squeeze your buttock muscles 
together and lift your hips and 
pelvis off the floor. Hold for 3 
seconds.
repeat 10 times per set.
Do_____sets per session.
LeVeL 3
While lying on your back, bend 
your knees to 90 degrees. 
Squeeze your buttock muscles 
together and lift your hips 
and pelvis off the floor. Slowly 
extend your right/left knee. 
hold for 3 seconds and return 
to lying. 
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HIP EXERCISES 3 (GLUTEAL MUSCLES) – STRENGTH
LeVeL 1
While lying on your back, 
actively squeeze your buttock 
muscles together and hold for 
3 seconds
repeat 10 times per set.
Do _____sets per session.
LeVeL 2
While lying on your back, bend 
your knees to 90 degrees. 
Squeeze your buttock muscles 
together and lift your hips and 
pelvis off the floor. Hold for 3 
seconds.
repeat 10 times per set.
Do_____sets per session.
LeVeL 3
While lying on your back, bend 
your knees to 90 degrees. 
Squeeze your buttock muscles 
together and lift your hips 
and pelvis off the floor. Slowly 
extend your right/left knee. 
hold for 3 seconds and return 
to lying. 
repeat 10 times per set.
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kNEE EXERCISES (FRONT THIGH MUSCLES) – STRENGTH
Do_____sets per session.
 
LeVeL 1
While lying on your right/left 
side, bend your knees to 90 
degrees. Keeping your heels 
together, point your right/left 
knee toward the ceiling. hold 
for 3 seconds and lower. 
Keep pelvis steady throughout 
movement. 
repeat 10 times per set.
Do_____sets per session.
LeVeL 2
as above with addition of 
theraband around knees. 
repeat 10 times per set.
Do_____sets per session.
LeVeL 3
as above with increased 
resistance theraband.
repeat 10 times per set.
Do_____sets per session.
 
LeVeL 1
Sit on your bed or floor with 
legs straight. place your foot 
against the band and straighten 
your knee by pushing the 
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LeVeL 1
While lying on your back, 
actively squeeze your buttock 
muscles together and hold for 
3 seconds
repeat 10 times per set.
Do _____sets per session.
LeVeL 2
While lying on your back, bend 
your knees to 90 degrees. 
Squeeze your buttock muscles 
together and lift your hips and 
pelvis off the floor. Hold for 3 
seconds.
repeat 10 times per set.
Do_____sets per session.
LeVeL 3
While lying on your back, bend 
your knees to 90 degrees. 
Squeeze your buttock muscles 
together and lift your hips 
and pelvis off the floor. Slowly 
extend your right/left knee. 
hold for 3 seconds and return 
to lying. 
STRETCHING PROGRAMME – HIP STRETCHES
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repeat 10 times per set.
Do_____sets per session.
 
LeVeL 1
While lying on your right/left 
side, bend your knees to 90 
degrees. Keeping your heels 
together, point your right/left 
knee toward the ceiling. hold 
for 3 seconds and lower. 
Keep pelvis steady throughout 
movement. 
repeat 10 times per set.
Do_____sets per session.
LeVeL 2
as above with addition of 
theraband around knees. 
repeat 10 times per set.
Do_____sets per session.
STRETCHING PROGRAMME
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LeVeL 1
While lying on your back, 
actively squeeze your buttock 
muscles together and hold for 
3 seconds
repeat 10 times per set.
Do _____sets per session.
LeVeL 2
While lying on your back, bend 
your knees to 90 degrees. 
Squeeze your buttock muscles 
together and lift your hips and 
pelvis off the floor. Hold for 3 
seconds.
repeat 10 times per set.
Do_____sets per session.
LeVeL 3
While lying on your back, bend 
your knees to 90 degrees. 
Squeeze your buttock muscles 
together and lift your hips 
NEUROMUSCULAR PROGRAMME – WEIGHT SHIFTS
BALANCE AND AGILITy
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and pelvis off the floor. Slowly 
extend your right/left knee. 
hold for 3 seconds and return 
to lying. 
repeat 10 times per set.
Do_____sets per session.
 
LeVeL 1
While lying on your right/left 
side, bend your knees to 90 
degrees. Keeping your heels 
together, point your right/left 
knee toward the ceiling. hold 
for 3 seconds and lower. 
Keep pelvis steady throughout 
movement. 
repeat 10 times per set.
Do_____sets per session.
LeVeL 2
as above with addition of 
theraband around knees. 
repeat 10 times per set.
Do_____sets per session.
LeVeL 3
as above with increased 
NEUROMUSCULAR PROGRAMME
BALANCE AND AGILITy
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LeVeL 1
While lying on your back, 
actively squeeze your buttock 
muscles together and hold for 
3 seconds
repeat 10 times per set.
Do _____sets per session.
LeVeL 2
While lying on your back, bend 
your knees to 90 degrees. 
Squeeze your buttock muscles 
together and lift your hips and 
pelvis off the floor. Hold for 3 
seconds.
repeat 10 times per set.
Do_____sets per session.
LeVeL 3
While lying on your back, bend 
your knees to 90 degrees. 
Squeeze your buttock muscles 
together and lift your hips 
and pelvis off the floor. Slowly 
extend your right/left knee. 
hold for 3 seconds and return 
to lying. 
repeat 10 times per set.
NEUROMUSCULAR PROGRAMME – BRAIDING
BALANCE AND AGILITy
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Do_____sets per session.
 
LeVeL 1
While lying on your right/left 
side, bend your knees to 90 
degrees. Keeping your heels 
together, point your right/left 
knee toward the ceiling. hold 
for 3 seconds and lower. 
Keep pelvis steady throughout 
movement. 
repeat 10 times per set.
Do_____sets per session.
LeVeL 2
as above with addition of 
theraband around knees. 
repeat 10 times per set.
Do_____sets per session.
NEUROMUSCULAR PROGRAMME – STAIRS
BALANCE AND AGILITy
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LeVeL 1
While lying on your back, 
actively squeeze your buttock 
muscles together and hold for 
3 seconds
repeat 10 times per set.
Do _____sets per session.
LeVeL 2
While lying on your back, bend 
your knees to 90 degrees. 
Squeeze your buttock muscles 
together and lift your hips and 
pelvis off the floor. Hold for 3 
seconds.
repeat 10 times per set.
Do_____sets per session.
LeVeL 3
While lying on your back, bend 
your knees to 90 degrees. 
Squeeze your buttock muscles 
together and lift your hips 
and pelvis off the floor. Slowly 
extend your right/left knee. 
hold for 3 seconds and return 
to lying. 
repeat 10 times per set.
Do_____sets per session.
 
LeVeL 1
While lying on your right/left 
side, bend your knees to 90 
degrees. Keeping your heels 
together, point your right/left 
ADDITIONAL EXERCISES – STRENGTH
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knee toward the ceiling. hold 
for 3 seconds and lower. 
Keep pelvis steady throughout 
movement. 
repeat 10 times per set.
Do_____sets per session.
LeVeL 2
as above with addition of 
theraband around knees. 
repeat 10 times per set.
Do_____sets per session.
LeVeL 3
as above with increased 
resistance theraband.
repeat 10 times per set.
Do_____sets per session.
 
LeVeL 1
Sit on your bed or floor with 
legs straight. place your foot 
against the band and straighten 
your knee by pushing the 
foot down and forward by 
contracting your buttock 
and thigh muscles. hold for 
3 seconds keeping knee as 
straight as possible. Opposite 
knee is kept bent
repeat 10 times per set.
ADDITIONAL LOWER LEG EXERCISE (CALF MUSCLES)
STRENGTH
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LeVeL 1
While lying on your back, 
actively squeeze your buttock 
muscles together and hold for 
3 seconds
repeat 10 times per set.
Do _____sets per session.
LeVeL 2
While lying on your back, bend 
your knees to 90 degrees. 
Squeeze your buttock muscles 
together and lift your hips and 
pelvis off the floor. Hold for 3 
seconds.
repeat 10 times per set.
Do_____sets per session.
LeVeL 3
While lying on your back, bend 
your knees to 90 degrees. 
Squeeze your buttock muscles 
together and lift your hips 
and pelvis off the floor. Slowly 
extend your right/left knee. 
hold for 3 seconds and return 
to lying. 
repeat 10 times per set.
ADDITIONAL HIP EXERCISES (FRONT HIP MUSCLES)
STRENGTH
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Do_____sets per session.
 
LeVeL 1
While lying on your right/left 
side, bend your knees to 90 
degrees. Keeping your heels 
together, point your right/left 
knee toward the ceiling. hold 
for 3 seconds and lower. 
Keep pelvis steady throughout 
movement. 
repeat 10 times per set.
Do_____sets per session.
LeVeL 2
as above with addition of 
theraband around knees. 
repeat 10 times per set.
Do_____sets per session.
LeVeL 3
as above with increased 
STRETCHING PROGRAMME
ADDITIONAL TRUNk STRETCH
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SInGLe Knee tO CheSt
Lie on your back and bring 
your right / left leg toward your 
chest.  Use you arms to assist 
you bring your leg as close to 
your chest as possible.  If you 
are unable to reach with your 
arms use a towel to assist you.  
hold___secs. repeat____
times. 
StretCh tO BaCK anD 
OUtSIDe OF hIp 
Lie on your back and bring 
your right / left knee toward 
your opposite shoulder.  You 
can also perform this stretch 
while sitting. You should feel a 
stretch in the back and outside 
of your hip.
hold____secs. repeat_____
times.
pIrIFOrMIS StretCh
Lie on your back with your 
knees bent and your feet flat on 
the surface. Cross your right / 
left leg over your other leg.  You 
may feel a stretch at this stage. 
to increase the stretch grab 
your non-affected hip and pull 
toward your chest as shown. 
a stretch should be felt at the 
back or outside of your hip.
hold____secs. repeat_____
times.       
HIP STRETCHES
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StanDInG hIp eXternaL 
rOtatIOn StretCh
Stand in front of a chair that 
is positioned in front of your 
right/left.  the seat of the chair 
should be facing you.  place 
your foot on the chair.  You may 
feel a stretch at this stage.  to 
increase the stretch lean your 
trunk forward.
hold____secs.
repeat_____times.
StanDInG hIp eXtenSIOn 
WIth OVer-preSSUre
Stand with your right / left leg 
behind you.  Keep your knee 
straight and heel on the ground. 
You may feel a stretch at this 
stage.  to increase the stretch, 
place your hands on your hips 
and lean into the stretch.  You 
should feel a stretch at the 
front of your hip.
hold___secs.
repeat____times. 
HIP STRETCHES
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SInGLe Knee tO CheSt
Lie on your back and bring 
your right / left leg toward your 
chest.  Use you arms to assist 
you bring your leg as close to 
your chest as possible.  If you 
are unable to reach with your 
arms use a towel to assist you.  
hold___secs. repeat____
times. 
StretCh tO BaCK anD 
OUtSIDe OF hIp 
Lie on your back and bring 
your right / left knee toward 
your opposite shoulder.  You 
can also perform this stretch 
while sitting. You should feel a 
stretch in the back and outside 
of your hip.
hold____secs. repeat_____
times.
pIrIFOrMIS StretCh
Lie on your back with your 
knees bent and your feet flat on 
the surface. Cross your right / 
left leg over your other leg.  You 
may feel a stretch at this stage. 
to increase the stretch grab 
your non-affected hip and pull 
toward your chest as shown. 
HIP STRETCHES
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a stretch should be felt at the 
back or outside of your hip.
hold____secs. repeat_____
times.       
StanDInG hIp er StretCh
Stand behind a chair that is 
positioned in front of your right 
/ left.  the seat of the chair 
should be facing you.  place 
your foot on the chair.  You may 
feel a stretch at this stage.  to 
increase the stretch lean your 
trunk forward.
hold____secs. repeat_____
times.
StanDInG hIp InternaL 
rOtatIOn StretCh
Stand behind a chair that is 
positioned in front of your right 
/ left leg.  the seat of the chair 
should be facing you.  place 
your foot on the chair; allow 
your thigh to drop toward 
the midline of your body.  You 
should feel a stretch at the 
front of your hip
to increase the stretch move 
your body away from the chair.
hold____secs. repeat_____
times.
STRETCHING PROGRAMME
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SInGLe Knee tO CheSt
Lie on your back and bring 
your right / left leg toward your 
chest.  Use you arms to assist 
you bring your leg as close to 
your chest as possible.  If you 
are unable to reach with your 
arms use a towel to assist you.  
hold___secs. repeat____
times. 
StretCh tO BaCK anD 
OUtSIDe OF hIp 
Lie on your back and bring 
your right / left knee toward 
your opposite shoulder.  You 
can also perform this stretch 
while sitting. You should feel a 
stretch in the back and outside 
of your hip.
hold____secs. repeat_____
times.
pIrIFOrMIS StretCh
Lie on your back with your 
knees bent and your feet flat on 
the surface. Cross your right / 
left leg over your other leg.  You 
may feel a stretch at this stage. 
to increase the stretch grab 
your non-affected hip and pull 
toward your chest as shown. 
a stretch should be felt at the 
back or outside of your hip.
hold____secs. repeat_____
times.       
STRETCHING PROGRAMME
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Chapter FOUr
Exercise Therapy
for Patients with knee OA
Knee exercise protocol
Knee home exercise programme
Chris higgs
Cathy Chapple
Daniel pinto
J. haxby abbott
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101 nManagement of Osteoarthritis
knee Exercise Protocol
General Guidelines
SeCtIOn 1: COre prOtOCOL eXerCISeS
Four components: aerobic/warmup; Strengthening; Stretching; neuromuscular 
control
Each participant performs all four components of the programme
Aerobic:  to be performed for up to 10 minutes at moderate level as warm-up
Strengthening:  all strengthening exercises must be performed.
Dose:  3 sets of 10 repetitions with a 3 second hold 
Stretching: all stretches must be performed each session, until goals are met. 
Dose:  2 minutes total with 20-60 sec hold times
Goals: the following stretches can be discontinued when the goal is met
• Hamstring stretch discontinued after meeting 90/90 test. patient must 
achieve 150o of knee extension (neutral = 180°) or greater with hip at 90o
• Calf stretch discontinued after meeting 10o ankle DF with knee 
extended and 20o DF with knee bent
Neuromuscular control: Choose the 3 most challenging exercises the 
patient can achieve safely. 
Dose: 6 minutes total exercise, 2 minutes each exercise, 3 exercises. May do 
3 different exercises or repeat any exercise more than once, and count the 
repeat as a new exercise.
SeCtIOn 2: aDDItIOnaL IMpaIrMentS-BaSeD eXerCISeS
Additional techniques: For those patients who test positive for additional 
impairments at the initial assessment, the following exercises may be prescribed 
based on the clinical judgment of the clinician. Dose parameters follow the 
guidelines listed above for strengthening and stretching
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SECTION 1
CORE PROTOCOL EXERCISES
aerOBIC eXerCISe
• Cycling or Treadmill walking is performed up to 10 minutes with the patient 
achieving Level 13 of the Borg perceived exertion rate within 2 minutes of activity. 
exercise is discontinued if patient reports an increase in pain ≥ 2 points on nprS.
• NOTE: Follow monitoring rules, where applicable, for participants with identified 
cardiovascular risk.
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StrenGthenInG eXerCISeS
DOSe: each strengthening exercise is done for 3 sets of 10 with a 3 second hold or 
until fatigue. exercise is discontinued if patient reports an increase in pain ≥ 2 points 
on nprS, however this should be avoided by ensuring appropriate starting intensity 
/ resistance.
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LeVeL 1 – ISOMetrIC QUaDS Set:
the participant is positioned in 
long sitting with the knee extended. 
therapist instructs the participant to 
isometrically contract the quadriceps 
muscles bilaterally as vigorously as 
possible without reproducing pain. the 
exercise is performed on each limb.
progression � progress to level 
2 when 3 sets of 10 is no longer 
challenging, and the patient is 
performing activity with ease and good 
form. 
LeVeL 2 – terMInaL Knee 
eXtenSIOn:
the participant is initially positioned in 
long sitting on the treatment table. the 
target limb is flexed over a bolster 
(e.g. rolled towel). the contralateral 
limb knee is flexed so that the foot 
is resting comfortably in a foot flat 
position on the table. the therapist 
instructs the participant to extend 
the knee of the target limb to full 
extension, then slowly lower until the 
foot returns to rest on the table.
progression � progress to level 
3 when 3 sets of 10 is no longer 
challenging, and the patient is 
performing activity with ease and good 
form.  alternate position in sitting.
LeVeL 3 – terMInaL Knee 
eXtenSIOn WIth CUFF WeIGhtS:
progress from Level 2 by applying cuff 
weights to the ankles as tolerated, 
beginning with a 0.5kg load. the 
exercise is performed on involved limb 
only during treatment session, can be 
both limbs in hep. *progress further 
by adding greater kg cuff weights.*
alternative: Use theraband.
STRENGTHENING OF kNEE EXTENSORS 1
OPEN CHAIN PROGRESSION
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LeVeL 1 – terMInaL Knee 
eXtenSIOn In StanDInG, 
WIth reSIStIVe BanD:
add this exercise to Level 3 
(above) when the patient can do 
3 sets of 10 comfortably, with 
good form, with 0.5kg.
the participant stands facing 
toward the exercise bar 
anchor with a resistive band 
looped behind a slightly flexed 
knee and around the anchor. 
the therapist instructs the 
participant to contract the 
gluteal and quadriceps muscles 
to fully straighten the hip and 
knee. Begin with a resistance 
band to achieve around 15 rM. 
the exercise is performed on 
each limb.
progression � the level of 
resistance band is progressed 
sequentially. It is important to 
add more resistance each week 
whenever possible, so that 3 x 
10 repetitions is an effort. You 
may need two loops of band as 
people progress.
LeVeL 2 – WeIGht-reDUCeD 
partIaL SQUatS:
the participant stands facing 
toward a plinth or table, partially 
supporting his/her body weight 
with arm support. the therapist 
instructs the participant to 
perform a partial squat, keeping 
the knees tracking lateral to the 
big toe, and return to upright.
progression � partial squats 
with the patient’s back against 
the wall.
STRENGTHENING OF kNEE EXTENSORS 2
CLOSED CHAIN PROGRESSION
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LeVeL 3 – Step-UpS:
the participant stands in 
front of a step. Start with the 
6.5cm step and progress as 
tolerated. the patient places 
the foot of the target limb on 
the step and brings the body 
over the foot to stand on the 
step with an extended knee. 
the participant is to minimize 
arm support assistance or 
push-off assistance from the 
contralateral limb. Slowly lower 
until the contralateral foot 
returns to fully weight-bear 
on the floor, then return the 
target limb alongside (i.e. the 
starting position). the exercise 
is performed on each limb. 
Be sure to provide directions 
to keep the knee over the 2nd 
metatarsal and keep the pelvis 
as level as possible to promote 
proper alignment and hip 
control during this task.
nB: hip control is important 
for knee Oa patients.
*progress to 13cm step. If 
possible, progress to 20cm 
step, provided this does not 
aggravate knee pain.
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LeVeL 1 – SUpIne GLUt SetS: 
patient is supine and performs 
an isometric glut contraction.
progression � patient is 
progressed to level 2 when 3 
sets of 10 of level 1 exercise 
is no longer challenging and 
patient is performing activity 
with ease and good form.
LeVeL 2 – SUpIne BrIDGInG: 
patient is supine with knees 
bent 90o. patient actively 
performs a glut contraction 
while lifting the hips and pelvis 
off the floor to obtain a bridge 
position.
progression � patient is 
progressed to level 3 when 3 
sets of 10 of level 2 exercise 
is no longer challenging and 
patient is performing activity 
with ease and good form.
LeVeL 3 – SUpIne 
UnILateraL BrIDGInG: 
patient is supine with knees 
bent 90o. patient actively 
performs a glut contraction 
while lifting the hips and pelvis 
off the floor to obtain a bridge 
position. Unaffected knee is 
extended from flexed position 
and held. **exercise may be 
progressed with adding cuff 
weights around extended 
ankle**
STRENGTHENING OF HIP EXTENSORS
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STRENGTHENING OF kNEE FLEXORS
LeVeL 1 – prOne haMStrInG 
CUrLS:
the participant is positioned in 
prone on the treatment table. 
The participant flexes the knee 
from full extension to 90° of 
flexion, then returns limb to 
full knee extension position. 
exercise is performed on each 
limb. Watch for excess lumbar 
movement.
progression � progress to level 
2 when 3 sets of 10 is no longer 
challenging, and the patient is 
performing activity with good 
form.
LeVeL 2:
Cuff weights are applied to the 
distal leg.
progression � progress to level 
3 when 3 sets of 10 is no longer 
challenging, and the patient is 
performing activity with good 
form.
LeVeL 3: StanDInG Knee 
FLeXIOn/hIp eXtenSIOn 
aGaInSt reSIStIVe BanD Or 
WeIGht:
the participant stands facing 
toward the exercise bar anchor 
with a resistive band looped 
behind her/his heel, and around 
the anchor. the therapist 
instructs the participant 
to contract the gluteal and 
hamstrings muscles to slightly 
flex the knee and extend the 
hip. Begin with just enough 
resistance band to achieve 
around 15 rM. the exercise is 
performed on each limb.
109 nManagement of Osteoarthritis
StretChInG eXerCISeS
DOSe: 2 minute total for each stretch, comprising 20-60 seconds holds
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CaLF StretCh: patient 
assumes a standing position 
with involved lower extremity 
placed behind the non-involved. 
patient’s arms are placed on 
wall and involved knee is kept 
straight with heel flat to the 
floor until stretch is felt.
 
eCCentrIC CaLF StretCh 
(bilateral): patient stands on 
step with heels unsupported. 
Using minimal supportr they 
lower their body weight 
so heels drop down below 
horizontal and a stretch is felt 
in the calf muscles.
eCCentrIC CaLF StretCh 
(unilateral): patient progresses 
the above exercise to single leg 
stance.
CALF MUSCLE GROUP STRETCH
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haMStrInG StretCh: 
patient is positioned in either 
sitting or standing position. 
affected leg is kept straight 
and patient attempts to reach 
toward the toes keeping the 
low back in a neutral position 
until a stretch is felt.
an alternative position is with 
the patient sitting on a chair. 
affected leg is kept straight and 
patient reaches towards toes 
until a stretch is felt.
an alternative position is with 
the patient supine lying. the hip 
and knee are flexed to 90°. The 
patient supports the thigh in 
a vertical position using their 
hands or a towel.,the knee is 
extended until a stretch is felt 
in hamstrings.
HAMSTRING MUSCLE GROUP STRETCH
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QUaDrICepS StretCh: 
patient positioned prone and 
the triesto bend affected knee 
into flexion.
they can use the other leg to 
push resistance.
they could use a belt or or a 
towel to assist knee flexion.
QUADRICEPS MUSCLE GROUP STRETCH
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neUrOMUSCULar COntrOL eXerCISeS
DOSe:  each patient is to perform at least 3 of the following exercises for duration of 
2 minutes. Goal is 6 minutes of neuromuscular exercises. exercises can be repeated 
if unable to perform 3 different activities. exercise is discontinued if patient reports 
an increase in pain ≥ 2 points on nprS.  as function improves exercises should be 
progressed to remain challenging and variability could be increased.
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LeVeL 1 – FOrWarD anD 
LateraL WeIGht ShIFtS 
eYeS Open:
patient assumes a standing 
position with feet side by side 
or in tandem stance. purpose 
is to increase proprioception 
in the affected lower extremity 
by shifting weight onto the 
involved hip then return to 
neutral stance. Watch for 
compensations at the trunk 
or hip.
progression � patient advances 
to level 2 when 3 sets of 30 
seconds are performed with 
ease and good form.
LeVeL 2 – FOrWarD anD 
LateraL WeIGht ShIFtS 
eYeS ShUt:
as above with eyes closed.
progression � patient advances 
to level 3 when 3 sets of 30 
seconds are performed with 
ease and good form.
LeVeL 3 – tanDeM StanCe 
WeIGht ShIFt eYeS Open: 
patient assumes heel to toe 
position with involved hip 
forward. Weight is to be shifted 
onto the involved hip keeping 
the eyes open. **progress to 
eyes closed if needed**
STANDING WEIGHT SHIFTS
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LeVeL 1 – DOUBLe LeG 
FOaM BaLanCe:
participant stands with both 
feet on a soft foam surface.
progression � patient advances 
to level 2 when 3 sets of 30 
seconds are performed with 
ease and good form.
LeVeL 2 – DOUBLe LeG 
WOBBLe BOarD:
participant stands with both 
feet on a wobble board surface.
progression � patient advances 
to level 3 when 3 sets of 30 
seconds are performed with 
ease and good form
LeVeL 3 – SInGLe LeG 
StanCe On FLOOr: 
participant stands on involved 
leg maintaining single leg 
balance. perform 3 sets
of 30 seconds. Watch for 
compensation at the hip or 
trunk.
May be progressed to single 
leg stance on foam or wobble 
board.
**May be advanced with 
addition of ball toss or 
pertubations**
BALANCE
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LeVeL 1 – SIDe-SteppInG:
participant steps sideways 
keeping the toes pointing 
forward, moving right or left. 
repeat by changing direction 
to return to starting position.  
activities are performed along 
the exercise bar/safety rail 
along the mirrored wall.
progression � patient advances 
to level 2 when side stepping 
on level surface with ease.
LeVeL 2 – SIDe-SteppInG 
WIth OBStaCLeS:
Same as above but add cones 
for patient to step over when 
performing activity.
progression � patient advances 
to level 3 when side stepping 
on level surface with obstacles 
can be performed with ease.
LeVeL 3 – CarIOCa (or 
BraIDInG):
patient performs front cross-
over stepping with side step, 
b) Back cross-over stepping 
with side step, and c) alternate 
front and back cross-over steps 
(walking carioca). repeat by 
changing direction to return to 
starting position.
    
SIDE-STEPPING
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place 5 plastic cone markers 
at distances of 2m. the patient 
walks forward to first marker, 
then walks backward to return 
to start. patient then walks to 
4m marker forward, returns 
to start walking backward. 
the participant then walks to 
6m marker, returns to start 
walking backward, then finish 
by walking to the end (8m).
 
SHUTTLE WALkING
Start
2m
4m
6m
8m
forwards
backwards
 K
n
e
e
 e
X
e
r
C
IS
e
 p
r
O
t
O
C
O
L
n 118 Management of Osteoarthritis
patient is asked to ascend/
descend 3 stairs with 
alternating step pattern to 
increase strength and functional 
activity. May use upper 
extremity support if needed. 
STAIRS
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SECTION 2
ADDITIONAL IMPAIRMENTS-BASED EXERCISES
For those patients with additional impairments identified at the initial assessment, the 
following exercises may be prescribed based on the clinical judgment of the clinician. 
Dose parameters follow the guidelines listed above for strengthening and stretching.
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LeVeL 1 – BILateraL CaLF 
raISe anD LOWerInG: 
patient is positioned in standing 
with both feet on the step. 
patient rises up on toes as 
high as possible, holding for 3 
seconds, then returning to start 
position.
progression � patient is 
progressed to level 2 when 3 
sets of 10 of level 1 exercise 
is no longer challenging and 
patient is performing activity 
with ease and good form.
LeVeL 2 – BILateraL 
CaLF raISe, UnILateraL 
LOWerInG:
patient is instructed to go up 
on toes bilaterally and lower 
only with the involved side 
with or without use of upper 
extremity support.
progression � patient is 
progressed to level 3 when 3 
sets of 10 of level 2 exercise 
is no longer challenging and 
patient is performing activity 
with ease and good form.
LeVeL3 – UnILateraL 
CaLF raISe, UnILateraL 
LOWerInG:
patient is instructed to raise 
up on involved side, lower with 
involved side with or without 
use of upper extremity support. 
**exercise discontinued when 
patient is able to perform 20 
unilateral calf raises with good 
form**
STRENGTHENING OF ANkLE PLANTAR-FLEXORS
INDICATION: If inability to perform 3X10 bilateral calf raises (with full height and calcaneal 
inversion) or noticeable muscle atrophy compared to opposite side
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LeVeL 1 – SUpIne hIp 
aBDUCtIOn:
patient lies supine and actively 
abducts the involved hip 
through the available rOM.
progression � patient is 
progressed to level 2 when 3 
sets of 10 of level 1 exercise 
is no longer challenging and 
patient is performing activity 
with ease and good form.
LeVeL 2 – StanDInG hIp 
aBDUCtIOn:
patient is standing and actively 
abducts the involved hip 
through the available rOM.
progression � patient is 
progressed to level 3 when 3 
sets of 10 of level 2 exercise 
is no longer challenging and 
patient is performing activity 
with ease and good form.
LeVeL 3 – SIDeLYInG hIp 
aBDUCtIOn:
patient is positioned in 
sidelying and actively abducts 
the involved hip through the 
available rOM. **activity may 
be progressed with use of ankle 
weights to increase resistance**
WEAk HIP ABDUCTORS
INDICATION: If unable to perform 10 side-lying hip abduction repetitions, with good form.
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LeVeL 1 – CLaMSheLLS:
patient is positioned in sidelying 
with knees bent 90o. patient 
actively externally rotates the 
upper leg through the available 
rOM while maintaining the 
pelvis in neutral alignment and 
keeping the feet together.
progression � patient is 
progressed to level 2 when 3 
sets of 10 of level 1 exercise 
is no longer challenging and 
patient is performing activity 
with ease and good form.
LeVeL 2 – CLaMSheLLS 
WIth reSIStanCe:
as above with theraband or a 
cuff weight around the knees to 
increase resistance.
progression � patient is 
progressed to level 3 when 3 
sets of 10 of level 2 exercise 
is no longer challenging and 
patient is performing activity 
with ease and good form.
LeVeL 3 – CLaMSheLLS WIth 
InCreaSeD reSIStanCe:
as above with increased level 
of resistance using stronger 
theraband or heavier lift weight.
WEAk EXTERNAL ROTATORS
INDICATION: If unable to perform 10 side-lying hip external rotation repetitions,
with good form.
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HIP FLEXOR/QUADRICEPS MUSCLE TIGHTNESS
INDICATION: If Thomas test is abnormal indicating shortened hip flexor muscles.
thOMaS teSt pOSItIOn: 
the patient sits at the edge of 
the plinth. Subject is told to 
place hands under uninvolved 
knee and bring knee to chest 
and lay back with assistance 
from examiner. the knee should 
only be pulled toward the 
chest enough to flatten the low 
back and sacrum on the table. 
the involved hip/knee is then 
allowed to extend. 
**Modify position to side of 
bed depending on patient**
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LeVeL 1 – SUpIne 
aBDOMInaL BraCInG:
patient is supine with knees 
bent and asked to brace the 
abdomen and hold for 8 
seconds.
progression � patient is 
progressed to level 2 when 
30 reps of 8 second holds is 
completed.
LeVeL 2 – SUpIne BraCInG 
WIth heeL SLIDeS:
Same as above while 
performing an active heel slide 
keeping the abdomen braced.
progression � patient is 
progressed to level 3 when 20 
reps per leg of 4 seconds holds 
is completed.
LeVeL 3 – SUpIne BraCInG 
WIth LeG LIFtS:
Same as above while 
performing an active leg lift.
preSCrIptIOn OF aSSIStIVe 
DeVICe
patient is prescribed an 
appropriate assistive device 
if safety is a concern of the 
assessing clinician.
WEAk CORE STABILITy
INDICATION: If aberrant lumbar movement including catching, painful arc of motion or 
Gower’s sign
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knee Home Exercise Programme
Introduction
General Information
Frequency: 2 sessions per week (~30 minutes per session) or more if you are 
no longer attending treatment. Spread them out through the week.
perform on both legs or worse leg only if short on time
perform these exercises when you are warm and not too stiff, perhaps after a 
short walk.
Warnings:
 – mild muscle or joint pain and stiffness following exercise is normal
  It should settle within an hour
 – If the exercise makes your symptoms worse, either cease the exercise,
  or go down a level, or don’t push yourself quite as hard
Wear comfortable clothing and flat shoes during exercise in a safe 
environment (i.e. away from clutter and close to a table)
Drink a glass of water following exercise
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LeVeL 1
Sit upright with your legs 
straight. tighten thigh muscles 
of both legs vigorously and hold 
for 3 seconds. 
repeat 10 times per set.
Do_____sets per session.
 
LeVeL 2
In sitting, slowly straighten 
right/left knee contracting thigh 
muscles. hold 3 seconds and 
return. 
repeat 10 times per set.
Do_____sets per session.
LeVeL 3
as above with addition of 
theraband around ankle and 
chair leg. 
repeat 10 times per set.
Do_____sets per session.
 
kNEE EXERCISES 1
(FRONT THIGH MUSCLES / QUADRICEPS) – STRENGTH
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LeVeL 1
Leaning on wall or holding on 
to a bench/table, slowly lower 
body through a comfortable 
range, keeping your knees in 
line with your big toes. hold 
for 3 seconds. Contract thigh 
muscles and return.
repeat 10 times per set.
Do_____sets per session.
 
LeVeL 2
Sit on edge of chair with your 
feet flat on the floor. Stand 
upright, fully straightening 
your knees. May use arms for 
assistance if required. 
repeat 10 times per set.
Do_____sets per session.
 
LeVeL 3
Standing in front of a step, with 
right/left leg positioned on 
step, bring body over foot with 
knee in line with second toe, 
to stand on step with straight 
knee. then slowly lower down 
to starting position. Keep pelvis 
and hips steady during this 
exercise. 
 
repeat 10 times per set.
Do_____sets per session. 
 
kNEE EXERCISES 2
(FRONT THIGH MUSCLES / QUADRICEPS) – STRENGTH
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kNEE EXERCISES 3
(REAR THIGH MUSCLES / HAMSTRINGS) – STRENGTH
LeVeL 1
Lying on your front with your 
knees straight, bend your right/
left knee slowly to 90 degrees 
then return to starting position. 
Whole movement takes 6 
seconds
repeat 10 times per set.
Do_____sets per session.
 
LeVeL 2
Stand on your right/left leg, 
using a rail/table/chair for 
stability, bring right/left heel to 
buttocks contracting rear thigh 
muscles. hold 3 seconds and 
return.
Keep pelvis steady throughout 
movement. 
repeat 10 times per set.
Do_____sets per session.
 
LeVeL 3
Standing towards bench/table 
with theraband or weight 
attached around table leg and 
placed around heel. Contract 
buttock muscles to extend 
hip, and bring heel to buttocks 
contracting rear thigh muscles. 
hold 3 seconds and return 
slowly to starting position. 
Keep pelvis steady throughout 
movement. 
repeat 10 times per set.
Do_____sets per session.
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alternative Level 2/3 exercise: 
Stand facing bench/table with 
theraband around table leg and 
back of knee. the band should 
be taught with the knee bent. 
Fully straighten knee and hip 
against resistance.
repeat 10 times per set.
Do_____sets per session.
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LeVeL 1
Sit upright with your legs 
straight. tighten thigh muscles 
of both legs vigorously and hold 
for 3 seconds. 
repeat 10 times per set.
Do_____sets per session.
 
LeVeL 2
In sitting, slowly straighten 
right/left knee contracting thigh 
muscles. hold 3 seconds and 
return. 
repeat 10 times per set.
Do_____sets per session.
LeVeL 3
as above with addition of 
theraband around ankle and 
chair leg. 
repeat 10 times per set.
Do_____sets per session.
 
LeVeL 1
HIP EXERCISES 1 (GLUTEAL MUSCLES)
STRENGTH
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CORE STABILITy EXERCISES
ADDITIONAL EXERCISES – STRENGTH
 LeVeL 1
Lie on your back with your 
knees bent and brace your 
abdomen.
Do not hold your breath. 
hold for 8 seconds.
repeat 10 times per set.
Do 3 sets per session.
LeVeL 2
Lie on your back with your 
knees bent and brace your 
abdomen. Slowly perform a 
heel slide on each leg while 
keeping your abdomen tight.
Do not hold your breath. 
hold for 4 seconds.
repeat 10 times per set.
Do 2 sets per session.
 
LeVeL 3
Lie on your back with your 
knees bent and brace your 
abdomen. Slowly perform a leg 
lift while keeping your abdomen 
tight.
Do not hold your breath. 
hold for 4 seconds.
repeat 10 times per set.
Do 2 sets per session.
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LeVeL 1
While lying on your back, 
bring right/left leg out to side 
contracting buttock muscles. 
return keeping the knee 
straight. 
repeat 10 times per set. 
Do _____ sets per session. 
 
LeVeL 2
Standing on one leg with 
upper limb support, lift your 
other leg out to the side while 
contracting buttock muscles 
and hold for 3 seconds. Keep 
your leg straight. 
repeat 10 times per set.
Do _____sets per session.
 
LeVeL 3
as above with addition of 
theraband. 
repeat 10 times per set.
Do_____sets per session.
ADDITIONAL HIP EXERCISE 1 (GLUTEAL MUSCLES)
STRENGTH
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ADDITIONAL HIP EXERCISE 2 (GLUTEAL MUSCLES)
STRENGTH
LeVeL 1
While lying on your right/left 
side, bend your knees to 90 
degrees. Keeping your heels 
together, point your right/left 
knee toward the ceiling. hold 
for 3 seconds and lower. 
Keep pelvis steady throughout 
movement. 
repeat 10 times per set.
Do_____sets per session.
LeVeL 2
as above with addition of 
theraband around knees. 
repeat 10 times per set.
Do_____sets per session.
 
LeVeL 3
as above with increased 
resistance theraband.
repeat 10 times per set.
Do_____sets per session.
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ADDITIONAL LOWER LEG EXERCISE
(CALF MUSCLES) – STRENGTH
LeVeL 1
Standing on the floor, rise 
up on both toes, hold for 3 
seconds then return to starting 
position lowering slowly for 3 
seconds.
hold for 3 seconds.
repeat 10 times per set. 
perform_____ sets per session.
 
LeVeL 2
Standing on the floor, rise up 
on your right/left toes, hold 
for 3 seconds then return 
to starting position lowering 
slowly for 3 seconds.
hold for 3 seconds.
repeat 10 times per set.
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LeVeL 1
Sit upright with your legs 
straight. tighten thigh muscles 
of both legs vigorously and hold 
for 3 seconds. 
repeat 10 times per set.
Do_____sets per session.
 
LeVeL 2
In sitting, slowly straighten 
right/left knee contracting thigh 
muscles. hold 3 seconds and 
return. 
repeat 10 times per set.
Do_____sets per session.
LeVeL 3
as above with addition of 
theraband around ankle and 
chair leg. 
repeat 10 times per set.
Do_____sets per session.
 
LeVeL 1
Leaning on wall or holding on 
to a bench/table, slowly lower 
body through a comfortable 
range, keeping your knees in 
line with your big toes. hold 
STRETCHING PROGRAMME
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ADDITIONAL EXERCISES
HIP STRETCH (FRONT HIP MUSCLES) – STRETCH
Sitting at the edge or side of 
your bed, lie on your back 
while holding your unaffected 
knee and bringing it to your 
chest. allow the affected hip 
and knee to relax. 
hold for 60 seconds.
rest for 30 seconds.
perform two times per session.
Lie on your back with your 
knees bent and your feet flat 
on the bed. Keep your knees 
and feet together and let your 
legs rock from side to side.
repeat___times
 
Lie on your back pull your 
knees up towards your chest. 
hold on behind your thighs and 
pull them in as close as you can.
hold___secs
repeat____times
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LeVeL 1
Forward: stand with your 
right/left foot forward as if 
in a normal walking stance. 
Gradually shift your weight 
forward over your toes for 3 
seconds, then return to start 
position.
Lateral: stand with your feet 
shoulder width apart. Gradually 
shift your weight over your 
right/left foot for 3 seconds, 
then return to start position.
perform for 2 minutes.
LeVeL 2
as above with eyes closed.
perform for 2 minutes.
 
LeVeL 3
Standing heel to toe with your 
right/left leg forward, gradually 
shift your weight forward over 
your right/left toe.
perform for 2 minutes 
 
NEUROMUSCULAR PROGRAMME – WEIGHT SHIFTS
BALANCE AND AGILITy
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LeVeL 1
Stand with both feet on a 
soft cushion. try to keep your 
balance. Use a chair or table for 
support if you need to.
perform for up to 1 minute, 
two times per session.
When you can do this without 
holding on or losing your 
balance, progress to Level 2.
  
LeVeL 2
Stand on one leg. Do not use 
your other leg for support.
perform for up to 1 minute, 
two times per session.
  
LeVeL 3
Stand on one leg. try to keep 
your balance. Use a chair or 
table for support if you need to. 
perform for up to 1 minute, 
two times per session.
  
NEUROMUSCULAR PROGRAMME
BALANCE AND AGILITy
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LeVeL 1
Side step around a kitchen 
table or from one end of the 
kitchen bench to the other and 
back.
perform for 2 minutes.
  
LeVeL 2
as above but add in obstacles.
perform for 2 minutes.
  
LeVeL 3
as above, stepping to the right/
left crossing your foot over in 
front, then cross foot behind, 
then alternate.
perform for 2 minutes.  
 
NEUROMUSCULAR PROGRAMME – BRAIDING
BALANCE AND AGILITy
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Leading with your good leg, 
step on to the stair. When 
walking down, step down with 
your affected leg first.
perform for 2 minutes.
alternative: Step up and back 
down off a low step.
perform for 2 minutes.
When this is easy, progress to a 
higher step. 
NEUROMUSCULAR PROGRAMME – STAIRS
BALANCE AND AGILITy
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kNEE BENDING
TO INCREASE jOINT MOvEMENT
Sit with your legs out in front 
of you on the bed. Bend your 
knee by sliding your heel 
towards your bottom. You can 
use your hands, a towel or a 
belt to help you. try to push 
into any stiffness to make your 
knee move more than usual. 
hold____secs
repeat_____times
 
Sit on a chair. try to pull your 
foot back under the chair. You 
can use a skateboard or shiny 
piece of wood to make it easier. 
You can push with your other 
leg to increase the movement.
hold____secs
repeat_____times
 
Lie on your front. try to bend 
your knee up behind you. You 
can use your other leg to push 
the knee a bit further than 
usual. You could use a belt or 
towel over your shoulder to 
help you.
hold____secs
repeat_____times 
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kNEE STRAIGHTENING
TO INCREASE jOINT MOvEMENT
Sit with your legs out in front 
of you. push your knee down as 
straight as you can. You can use 
your hands to help push your 
knee down.
You can get more movement 
by putting your heel on a thick 
book or folded up towel.
hold___secs
repeat____times
You can make this exercise 
harder by putting your good 
leg off the bed and leaning 
forwards to touch your toes of 
the straight leg
hold___secs
repeat____times
Sit in a chair with your leg out 
straight in front of you. pull 
your foot up at the ankle and 
push your knee down straight. 
You can use your hands to push 
your knee further than usual.
hold___secs
repeat____times
You could put your heel up on 
a stool or another chair and 
repeat this exercise.
hold___secs.
repeat____times
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HIP STRETCHES
FOr FrOnt OF hIp
Lie on your front. push up with 
your arms but keep your hips 
flat on bed.
You can make this harder by 
having a folded up towel under 
your thigh. Make sure you feel 
the stretch on the front of your 
hip.
hold___secs
repeat____times 
 
FOr BaCK OF hIp
Lie down on back. pull thigh up 
with hands or towel. Feel the 
stretch in your buttock.
hold___secs
repeat____times 
FOr FrOnt anD BaCK
OF thIGh
Stand in a lunge position. Bend 
forwards onto front leg keeping 
trunk upright. You should feel a 
stretch at the front of the back 
leg. If you tilt your pelvis this 
will increase the stretch.
hold___secs
repeat____times
Change legs and repeat the 
lunge. You should feel a stretch 
in the buttock of the front leg.
hold___secs
repeat____times 
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HIP STRETCHES
FOr Inner thIGh
Lie on your back. rest the 
ankle of your affected leg on 
the knee of the good leg. Let 
your leg relax so that your 
knee drops out to the side. You 
should feel a stretch of your 
inner thigh.
hold___secs
repeat____times
You could perform a similar 
exercise when sitting.
hold___secs
repeat___times 
FOr Inner thIGh
Stand with your legs apart. 
Keeping your trunk upright, 
transfer your weight sideways 
over your good leg. Keep the 
other leg straight. Feel the 
stretch of your inner thigh.
hold___secs
repeat____times 
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FOr OUter hIp/ thIGh
Stand and cross your leg behind 
your good leg. Lean over to the 
good side and feel a stretch on 
your outer hip. You can glide 
your hips over to the affected 
side to increase the stretch.
hold___secs
repeat____times
You could perform a similar 
exercise when sitting.Give it a 
push with your hands to feel a 
stretch.
hold___secs
repeat____times
FOr OUter hIp/thIGh
Lie on your good side with 
your good leg slightly bent. 
Straighten the top leg and try 
to drop it down towards the 
bed behind the other leg. You 
can also try to do this with a 
bent knee.
hold___secs
repeat____times
HIP STRETCHES
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Chapter FIVe
Manual Therapy
for Patients with Hip OA
hip Manual therapy protocol
Daniel pinto
Chris higgs
alexis Wright
J. haxby abbott
n 148 Management of Osteoarthritis
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bent and asked to brace the 
abdomen and hold for 8 
seconds.
Hip Manual Therapy Protocol
General Guidelines
the goal of manual therapy: tissue altering techniques. the intention is to treat 
each impairment with manual techniques which will take the joint to end of 
range at least once in a treatment session, imparting sufficient stress to the 
connective tissue to result in permanent tissue lengthening via tissue strain. the 
intention is to treat each impairment with manual techniques which will take the 
joint to end of range by employing the highest dose of mobilization appropriate. 
the therapist should achieve at least one set of grade III, IV or V each session.
joint position:  the therapist may select a joint position for treatment based 
on their assessment of the irritability of the patient’s condition. Joint position can 
be altered in response to patient reporting or test: re-test findings.
Patient position:  the therapist may modify the patient’s starting position 
for treatment based on the patient’s condition. patient position can be altered 
in response to patient inability to achieve the standard position or reporting 
discomfort.
Dose
Accessory movements can be performed in sets of 30 oscillations. at least 
3 sets should be performed. the therapist should employ the highest dose of 
mobilization appropriate, with at least one set of grade III, IV or V each session. 
a maximum of 6 sets can be performed if the patient is tolerating the technique 
and responding favourably.
STM duration will be of 2-3 minutes duration. therapist to record actual time. 
additional time for massage could be performed if considered high priority by 
the therapist and there is sufficient time. (ie during secondary treatment time)
Manual stretches to quadriceps, hamstrings and gastrocnemius should be 
performed. Dosage will be 120 secs total (2 x60s, 4x30s, 6x20s).
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Hip Manual Therapy Protocol
General Guidelines
the goal of manual therapy: tissue altering techniques. the intention is to treat 
each impairment with manual techniques which will take the joint to end of 
range at least once in a treatment session, imparting sufficient stress to the 
connective tissue to result in permanent tissue lengthening via tissue strain. the 
intention is to treat each impairment with manual techniques which will take the 
joint to end of range by employing the highest dose of mobilization appropriate. 
the therapist should achieve at least one set of grade III, IV or V each session.
joint position:  the therapist may select a joint position for treatment based 
on their assessment of the irritability of the patient’s condition. Joint position can 
be altered in response to patient reporting or test: re-test findings.
Patient position:  the therapist may modify the patient’s starting position 
for treatment based on the patient’s condition. patient position can be altered 
in response to patient inability to achieve the standard position or reporting 
discomfort.
Dose
Accessory movements can be performed in sets of 30 oscillations. at least 
3 sets should be performed. the therapist should employ the highest dose of 
mobilization appropriate, with at least one set of grade III, IV or V each session. 
a maximum of 6 sets can be performed if the patient is tolerating the technique 
and responding favourably.
STM duration will be of 2-3 minutes duration. therapist to record actual time. 
additional time for massage could be performed if considered high priority by 
the therapist and there is sufficient time. (ie during secondary treatment time)
Manual stretches to quadriceps, hamstrings and gastrocnemius should be 
performed. Dosage will be 120 secs total (2 x60s, 4x30s, 6x20s).
Physiological movements can be performed 10 – 30 times. the number of 
sets will range from 3 to 6 according to therapist choice and patient response. 
Order: the therapist can select the order of treatment techniques. they 
may choose to alternate between techniques (e.g. accessory movements and 
physiological movements).
Test-retest:  the therapist can perform test: retest procedures throughout 
the treatment session as required.
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SECTION 1
PRIMARy TECHNIQUES
these are all compulsory components of the hip Mt protocol.
Long axis distraction with thrust: this technique is the only Mt technique that 
has been demonstrated to be effective for hip Oa. It has been evaluated in a randomized, 
controlled trial (hoeksma et al 2004). It was found to be safe and effective in older adults 
with moderate to severe hip Oa. the trial reported that 90% of patients received this 
intervention on every visit, with no adverse events reported. 
Seatbelt glide or distraction mobilizations, with the hip flexed: the 
joint position (amount of hip flexion, rotation, add/abduction) and the direction of force 
(caudal, lateral, inferio-lateral) can be varied at the discretion of the therapist to address 
movement restriction.
E.g. For hip flexion: hip flexed; distraction +/- caudal glide
For hip external rotation: hip externally rotated, lateral distraction
For hip internal rotation: hip internally rotated, lateral distraction +/- posterior glide
Antero-Posterior Progression (Posterior glide): to improve adduction and 
flexion by stretching the postero-lateral capsule.
Postero-Anterior Progression (Anterior glide): to improve extension by 
stretching the anterior capsule.
Internal Rotation in Prone: to improve internal rotation and extension of the 
femur by stretching the antero-lateral capsule.
Acceptable variations include:
• Patient position (supine/sitting/weight bearing, with or without seat belt)
• Med/lat glides of tib/fem jt, with/without seatbelt
• Varus/valgus stresses, internal/external rots of tibia, for accessory and physiological 
movements
• Combining movements and accessories
STM to Quads and adductors, hamstrings, lateral and posterior hip. hamstring StM can 
be discontinued when the 90/90 test achieves < 30º from full knee extension.
Manual stretches to Quad stretch/ hip flexors, hamstrings, Manual gluteus/ internal 
rotators, external rotators. these can be discontinued when rOM goals are reached 
(refer to protocol for details).
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SECTION 2
ADDITIONAL REGIONAL TECHNIQUES
additional impairments-based regional techniques should be performed in the time 
remaining after the primary hip technique protocol. they are additional to the primary 
hip Mt protocol
a joint may only be included for treatment if indicated by the regional screening. 
the therapist can prioritise the additional regional techniques on the basis of patient 
presentation, response and tolerance. the therapist should se lect any technique form the 
available options that addresses the particular impairment for that joint. again, variations 
to patient position, starting joint position and direction of force are acceptable. the 
intention is to treat each impairment with manual techniques which will take the joint 
to end of range by employing the highest dose of mobilization appropriate. the therapist 
should achieve at least on set of grade III, IV or V each session.
e.g. Acceptable variations to the additional techniques as outlined are:
• Patient position (supine/sitting/weight bearing, with or without seat belt)
• Med/lat glides of tib/fem jt, with/without seatbelt
• Varus/valgus stresses, internal/external rots of tibia, for accessory and physiologi-
cal movements of the knee
• Addition of caudad/cephalad glide of superior tib/fib joint (by inversion or ever-
sion of ankle)
• Addition of weight-bearing and seat belt for talocrural mobilisation
• Combinations of physiological and accessory movements.
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The Home Exercise Programme (HEP)
May consist of rOM exercises, joint and soft tissue stretches, but no muscle strengthening 
exercises or coordination exercises (unless the patient is randomized to the Combination 
MT+Ex group). Exercises should be added on the basis of restricted physiologic 
movements and soft-tissue restrictions, including any additional regional joint treatment 
included in the session. the patient must be taught how to do the exercise correctly and 
prescribed number of repetitions and sets.
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SECTION 1
PRIMARy HIP MANUAL THERAPy TECHNIQUES
All mobilizations 3-6 sets, 30 second ROM in between sets
All hip joint mobilizations performed each visit
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DECREASED HIP MOTION
LOnG aXIS DIStraCtIOn / 
thrUSt
the patient is positioned 
supine. the therapist grasps 
involved leg, above malleoli. 
the patient’s hip is placed 
in 15-30º flexion, 15-30 º 
aBD, slight er. the therapist 
performs an oscillatory passive 
accessory mobilization force 
inferiorly feeling for the 
restrictive barrier and imparts 
a thrust in an inferior direction. 
progression of the distraction 
position into more abduction 
to gain further rOM.  repeated 
5 x’s.
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SeatBeLt GLIDe Or 
DIStraCtIOn teChnIQUeS: 
CaUDaL/LateraL GLIDe 
prOGreSSIOn
the therapist uses a 
mobilization belt placed firmly 
in the patient’s hip “crease”. 
The therapist flexes the 
patient’s hip to the restrictive 
barrier. the therapist uses 
their body to apply a caudally/
laterally directed force to the 
proximal thigh and performs an 
oscillatory passive accessory 
mobilization force. the amount 
of hip flexion, rotation, & add/
abduction can be varied to 
find the position of optimal 
mobilization.
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anterO-pOSterIOr 
prOGreSSIOn (pOSterIOr 
GLIDe)
the therapist places the 
patient’s lower extremity with 
the hip in a position of flexion 
and adduction. the therapist 
uses his body to impart an 
oscillatory, passive mobilizing 
force to the postero-lateral hip 
capsule through the long axis 
of the femur. the technique 
is progressed by adding more 
flexion, adduction, & / or 
internal rotation.
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pOSterO-anterIOr 
prOGreSSIOn
(anterIOr GLIDe)
With the patient in prone 
the therapist grasps and 
supports the patient’s lower 
extremity with his arm. the 
therapist places either the 1st 
web space, thenar eminence, 
or hypothenar eminence of 
his right hand just inferior 
and medial to the greater 
trochanter. the therapist brings 
the patient’s hip into varying 
degrees of flexion/extension, 
abduction/ adduction, and 
internal/ external rotation to 
find the vector of force that 
most effectively stretches the 
hip. the therapist imparts an 
oscillatory, passive mobilizing 
force through the proximal 
femur in a posterior to anterior 
direction. the stretch should 
be felt by the patient in the 
anterior hip region.
tIp:  to progress the technique 
the therapist increases the 
amount of extension, adduction, 
and internal rotation. 
 
Can also modify by progressing 
into FaBer position. 
With the patient in prone the 
therapist brings the patient’s 
hip into varying degrees of 
flexion, abduction and external 
rotation.  If the patient is 
extremely stiff, start with 
patient’s lower extremity on a 
stool. Progress to lying flat on 
the table when able.
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InternaL rOtatIOn In 
prOne
The therapist flexes the 
patient’s knee to 90 degrees 
and ensures that the hip is in 
neutral or slight adduction. 
the hip is internally rotated 
until the contralateral ilium 
raises approximately 1-2 inches 
from the table. the therapist 
stabilizes the lower leg and 
imparts an oscillatory, passive 
mobilizing force through the 
contralateral pelvis.
nOte: If the patient 
experiences knee discomfort, 
grasp the distal thigh and place 
your forearm along the medial 
aspect of the patient’s tibia.
alternatives: Can stabilise 
knee/leg to oscillate pelvis or 
stabilise pelvis to oscillate leg.
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StM tO QUaDS anD 
aDDUCtOrS
the patient is positioned 
supine with leg over the side 
of the plinth.  the patient’s 
quadriceps is placed on a 
stretch.  the therapist performs 
an effleurage stroke along 
the length of the quads.  the 
therapist proceeds from 
superficial to moderate depth 
of the effleurage depending 
on patient tolerance. this is 
repeated at 1" intervals.  2-3 
min.
nOte: If the patient cannot 
tolerate this positioning the 
effleurage is performed with 
the quadriceps on stretch in a 
position that is tolerable to the 
patient.
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StM tO haMStrInGS
the patient is positioned prone 
with leg over plinth placing 
the hamstring on stretch.  
the therapist performs an 
effleurage stroke along the 
length of the hamstrings.  this 
is repeated at 1" intervals.  2-3 
min.
nOte: If the patient cannot 
tolerate this positioning the 
effleurage is performed with 
the hamstring on stretch in a 
position that is tolerable to the 
patient.
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StM tO LateraL anD 
pOSterIOr hIp
the patient is positioned 
sidelying in the recovery 
position, or supine crook-
lying. the therapist performs 
a firm effleurage stroke with 
the posterior/lateral hip 
musculature on stretch.  this 
repeated at 1" intervals.  2-3 
min.
nOte: If the patient cannot 
tolerate this positioning the 
effleurage is performed with 
the posterior/lateral hip 
musculature on stretch in a 
position that is tolerable to the 
patient.
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ManUaL QUaD StretCh/ 
hIp FLeXOr
the patient is positioned prone 
with the involved Le dangling 
over the edge of the plinth.  
the therapist sits alongside the 
involved LE and flexes the knee 
just before the point of patient 
reported stretch.
2 reps x 60 sec 
Or
4 reps x 30 sec 
Or 
6 reps x 20 sec 
alternate position prone knee 
flexion with pelvis stabilized.
Or
Side lying with pelvis stabilised. 
Extend hip and flex knee to 
point of patient reported 
stretch.
nB: Can be done along with 
StM Quads (above).
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ManUaL haMStrInG 
StretCh
the patient is positioned supine 
with knee extended.  the 
therapist grasps the involved 
LE and flexes the hip while 
maintaining knee extension to 
the point of stretch.
2 reps x 60 sec 
Or
 4 reps x 30 sec 
Or 
6 reps x 20 sec
* If patient is between 0-30 
degrees of knee flexion with 
hip at 90 degrees of flexion – 
treatment may be dropped at 
the 2nd visit.
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ManUaL GLUteUS/ 
InternaL rOtatOr 
StretCh
the patient is positioned 
supine.  The therapist flexes the 
patient’s knee to 90, flexes and 
externally rotates the hip to 
the point of stretch.
2 reps x 60 sec 
Or
 4 reps x 30 sec 
Or 
6 reps x 20 sec
* Stretch may be skipped after 
2nd visit if there is 45 degrees 
of er.
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hIp eXternaL rOtatOr 
StretCh
the patient is positioned 
prone. The therapist flexes the 
patient’s knee to 90 degrees 
and ensures that the hip is in 
neutral or slight adduction. the 
hip is internally rotated until a 
stretch is felt at the anterior 
hip. 
2 reps x 60 sec 
Or
4 reps x 30 sec 
Or 
6 reps x 20 sec
* Stretch may be skipped after 
2nd visit if there is 45 degrees 
of Ir.
alternate position: the patient 
is positioned supine. the 
therapist flexes the patient’s 
knee to 90°, flexes and 
internally rotates the hip to the 
point of the stretch.
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SECTION 2
ADDITIONAL REGIONAL TECHNIQUES
5 minutes maximum per impairment
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LOSS OF kNEE FLEXION
Knee FLeXIOn 
prOGreSSIOn WIth 
VaLGUS anD InternaL 
rOtatIOn
the therapist stabilises the 
patient’s thigh and knee against 
their body while grasping the 
patient’s ankle. the therapist 
gently brings the patient’s heel 
towards the buttock to the 
restrictive barrier.  Oscillations 
can be produced in a pure flx 
direction. (Grade 3 or 4). a seat 
belt can be added to produce 
a lateral glide of tibia through 
range if this decreases pain. 
a medial glide of the tibia can 
be produced by placing the 
seat belt around the femur 
and manually gliding the tibia 
medially.
Valgus stress can be added 
(heel lateral to buttock)
(Grade 3 or 4).
Int rotn can be added 
simultaneously. Oscillatory 
mobilisations will be performed 
through a 5-6 inch arc of 
motion.
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Knee FLeXIOn 
prOGreSSIOn WIth VarUS 
anD eXternaL rOtatIOn 
the therapist stabilises the 
patient’s thigh and knee against 
their body while grasping the 
patient’s ankle. the therapist 
gently brings the patient’s heel 
towards the buttock to the 
restrictive barrier. Oscillations 
can be produced in a pure flx 
direction. (Grade 3 or 4). a seat 
belt can be added to produce 
a lateral glide of tibia through 
range if this decreases pain. 
a medial glide of the tibia can 
be produced by placing the 
seat belt around the femur 
and manually gliding the tibia 
medially.
Varus stress can be added (heel 
to midline) (Grade 3 or 4).
ext rotn can be added 
simultaneously. Oscillatory 
mobilisations will be performed 
through a 5-6 inch arc of 
motion.
h
Ip
 M
a
n
U
a
L
 t
h
e
r
a
p
Y
 p
r
O
t
O
C
O
L
n 170 Management of Osteoarthritis
Knee FLeXIOn a-p 
MOBILIZatIOnS
the patient lines in supine.  
The therapist flexes the 
patient’s knee to the restrictive 
barrier.  the therapist places 
the 1st web space on the 
proximal tibia.  an oscillatory 
mobilization is performed in an 
anterior to posterior direction 
on the proximal tibia.  
tibial rotation can be added 
to most effectively reach the 
restrictive barrier.  
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prOXIMaL tIBIO-FIBULar 
JOInt pOSterIOr tO 
anterIOr ManIpULatIOn
the therapist places their 2nd 
MCp in the popliteal fossa, then 
pulls the soft tissue laterally 
until your metacarpo-phalangeal 
joint (MCP) is firmly stabilized 
behind the fibular head. The 
therapist uses their right hand 
to grasp the foot and ankle as 
demonstrated and externally 
rotate the leg and flex the 
knee to the restrictive barrier 
(the therapist should feel firm 
pressure from the fibular head 
over the palmar aspect of your 
MCp). Once at the restrictive 
barrier, the therapist applies 
a high velocity, low amplitude 
thrust through the tibia (direct 
the patient’s heel towards his 
ipsilateral buttock).
  
StM tO QUaDS anD 
aDDUCtOrS
See description above.  
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Knee eXtenSIOn 
MOBILIZatIOnS
the therapist places the heel 
of one hand over the proximal 
tibia while the opposite hand 
supports the lower leg. an 
oscillatory mobilization is 
performed in an anterior to 
posterior direction over the 
proximal tibia.  
Knee eXtenSIOn WIth 
VaLGUS Or VarUS
Manual mobilization through 
range of motion (rOM)
and knee extension at end 
range
Knee extension
Knee extension with valgus or 
abduction (pictured)
Knee extension with varus or 
adduction 
StM tO haMStrInGS
See description above.  
LOSS OF kNEE EXTENSION
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LOSS OF PATELLA GLIDE
Lateral
pateLLar MOBILISatIOnS 
the patient lies supine with 
the knee in extension. the joint 
position can be progressed into 
increasing  flexion or weight 
bearing if the symptoms are 
easing or minor.
Oscillatory movements(glides) 
are produced via the therapists 
thumbs or a cupped hand. the 
glides can be combined with 
rotation and/ or compression 
to meet the restriction. 
Compression should be 
introduced with caution.
Medial/Lateral/Caudad/
Cephalad are selected on 
the basis of restriction. If 
no restriction is detectable 
caudad/cephalad glides should 
be used.
Caution: Impart force to 
borders of patella.  avoid 
compression.
 
Cephalad
Caudal
Medial
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LOSS OF ANkLE DORSI FLEXION
rear FOOt DIStraCtIOn 
ManIpULatIOn
the therapists grasps the 
dorsum of the patient’s foot 
with interlaced fingers and 
provide firm pressure with 
both thumbs in the middle 
of the planar surface of the 
forefoot engage the restrictive 
barrier by dorsiflexing and 
everting the ankle and applying 
long axis distraction. the 
therapist pronates, everts, 
dorsiflexes the foot to fine-
tune the barrier. the therapist 
then applies a high velocity, low 
amplitude thrust in a caudal 
direction. If the therapist feels 
that the distraction is occurring 
at the talocrural joint, attempt 
again with more pronation/
eversion and ‘scooping’ motion 
at the rearfoot/subtalar 
joint before the distraction 
manipulation.
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anterIOr tO pOSterIOr 
taLO-CrUraL 
MOBILIZatIOn
the therapist uses their left 
hand to firmly stabilize the 
lower leg at the malleoli. the 
therapist then grasps the 
anterior, medial, and lateral 
talus with your right hand and 
applies an anterior to posterior 
oscillatory mobilization force 
to the talus.
the treatment can be 
progressed into weight bearing 
in a lunge position on a chair.
this could be reinforced by 
an anterior glide of the tibia 
produced by a seat belt.
progression:
Increase ankle dorsiflexion 
before imparting anterior to 
posterior force to talus.  
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DIStaL tIBIO-FIBULar 
MOBILIZatIOn (ap tO the 
DIStaL FIBULa) 
the therapist places the distal 
leg at the edge of the table, 
use their leg to stabilize the 
foot (move into progressive 
dorsiflexion). The therapist 
grasps and stabilizes the 
distal tibia with one hand. the 
therapist places the thenar 
eminence over the lateral 
malleolus and use your body 
to impart an anterior to 
posteriorly directed mobilizing 
force (through your arm and 
thenar eminence).  
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GaStrOC/ SOLeUS StM 
the patient is positioned 
prone with ankle over the edge 
of the plinth.  the therapist 
places the ankle in dorsiflexion 
through contact with his thigh.  
the therapist performs an 
effleurage stroke along the 
length of the gastrocs (making 
sure to cross the knee joint).  
The amount of dorsiflexion 
and depth of StM depends 
on patient tolerance. this is 
repeated at 1" intervals.  2-3 
min.
nOte: If the patient cannot 
tolerate this positioning the 
effleurage is performed with 
the gastroc on stretch in a 
position that is tolerable to the 
patient.
StM tO paraVerteBraL 
MUSCLeS
patient is positioned prone. 
Alternate effleurage strokes are 
performed to the paravertebral 
muscles on either side of spine.
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LUMBOpeLVIC 
ManIpULatIOn
the supine manipulation 
technique is performed in the 
following fashion. the side to be 
treated will be the side with the 
painful heel. In the figure the 
side to of the painful heel is the 
left. the physio stands opposite 
the side to be treated and 
translates the pelvis towards 
them and maximally side-bend 
the patient’s lower extremities 
and trunk away from them 
and towards the side to be 
treated. Without losing the 
left sidebending the clinician 
lifts & rotates the trunk so 
the patient rests on their right 
shoulder. the therapist contact 
the patient’s left aSIS with their 
right hand. Once the left aSIS 
starts to elevate, perform a 
smooth thrust in an anterior to 
posterior direction. 
LUMBOPELvIC HyPOMOBILITy
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LUMBar rOtatIOnaL
ManIpULatIOn
(described for L4/L5)
For the side lying manipulation 
the clinician will place the side 
of the painful heel up. In the 
figure the painful heel is the left. 
The therapist flexes the top leg 
until they first begin to palpate 
motion at L4-L5 interspace 
and then place the patient’s 
foot in the popliteal fossa as 
shown. the therapist grasps the 
patient’s right arm and shoulder 
and induce right sidebending & 
left rotation until the therapist 
begins to palpate motion at the 
L4-L5 interspace. the therapist 
places the left thumb on the 
left side of the L4 Sp & position 
the patient’s arms around their 
left arm. While maintaining the 
setup the therapist log rolls the 
patient towards them. While 
monitoring the right side of 
the L5 Sp, the therapist uses 
the right arm to induce a high 
velocity, low amplitude (hVLa).  
the same set up may be used 
for a mobilization. 
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LUMBOpeLVIC 
MOBILIZatIOn 
If the patient is unable to 
tolerate either of the above 
manipulative positions.  the 
patient sits at the end of the 
plinth.  the therapist imparts 
a joint glide and performs 
pain free arOM to improve 
lumbar flexion or extension 
limitations.    
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Chapter SIX
Manual Therapy
for Patients with knee OA
Knee Manual therapy protocol
Cathy Chapple
Martin Kidd
Jessica Smith
Daniel pinto
J. haxby abbott
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knee Manual Therapy Protocol
General Guidelines
the goal of manual therapy: tissue altering techniques. the intention is to treat 
each impairment with manual techniques which will take the joint to end of 
range at least once in a treatment session, imparting sufficient stress to the 
connective tissue to result in permanent tissue lengthening via tissue strain. the 
intention is to treat each impairment with manual techniques which will take the 
joint to end of range by employing the highest dose of mobilization appropriate. 
the therapist should achieve at least one set of grade III, IV or V each session. 
(Caution with EOR techniques for knee flexion as a degenerative meniscus is 
easily aggravated in this position).
joint position:  the therapist may select a joint position for treatment based 
on their assessment of the irritability of the patient’s condition. Joint position can 
be altered in response to patient reporting or test: re-test findings.
Patient position:  the therapist may modify the patient’s starting position 
for treatment based on the patient’s condition. patient position can be altered 
in response to patient inability to achieve the standard position or reporting 
discomfort.
Dose
Accessory movements can be performed in sets of 30 oscillations. at least 
3 sets should be performed. the therapist should employ the highest dose of 
mobilization appropriate, with at least one set of grade III, IV or V each session. 
a maximum of 6 sets can be performed if the patient is tolerating the technique 
and responding favourably.
STM duration will be of 2-3 minutes duration. therapist to record actual time. 
additional time for massage could be performed if considered high priority by 
the therapist and there is sufficient time. (ie during secondary treatment time).
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Manual stretches to quadriceps, hamstrings and gastrocnemius should be 
performed. Dosage will be 120 secs total (2 x60s, 4x30s, 6x20s)
Physiological movements can be performed 10 – 30 times. the number of 
sets will range from 3 to 6 according to therapist choice and patient response. 
Order. the therapist can select the order of treatment techniques. they 
may choose to alternate between techniques (e.g. accessory movements and 
physiological movements).
Test-retest: the therapist can perform test: retest procedures throughout 
the treatment session as required.
Addition/dropping of techniques.
additional techniques (if indicated) should be added as time allows. the therapist 
should be clear of the response to new techniques.
hamstring and gastrocnemius stretches and StM may be dropped at follow up 
sessions if goals have been reached.
hamstrings: 90/90 test < 30º from full knee extension
Gastrocnemius: < 10º d/flx (knee ext), <20º d/flx (knee flx)
 
Patient Safety. If the physiotherapist considers application of a mandatory 
technique threatens patient safety they may opt not to perform that technique. 
Wherever possible, choose an alternative patient position or a variation from 
the “acceptable variation” category. 
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SECTION 1
PRIMARy TECHNIQUES
Knee flexion and extension – All knee flexion and extension techniques 
are mandatory at the initial session. 
For knee flexion, AP’s, patellar glides, STM, manual stretches and physiological 
movements should all be included.
For knee extension, pa’s, external rot, StM, manual stretches and physiological 
movements should all be included.
acceptable variations include:
• Patient position (supine/sitting/weight bearing, with or without seat belt)
• Med/lat glides of tib/fem jt, with/without seatbelt
• Varus/valgus stresses, internal/external rots of tibia, for accessory and 
physiological movements
• Combining physiologic and accessory movements
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SECTION 2
ADDITIONAL REGIONAL TECHNIQUES
Can be performed in remaining time after the specific knee techniques. A 
joint may only be included for treatment if indicated by the regional screening. 
the therapist can prioritise the secondary techniques on the basis of patient 
presentation, response and tolerance. the therapist should select a technique 
which addresses the particular impairment for that joint.
acceptable variations to the techniques as outlined are:
• Addition of lateral or caudad glides with seat belt for the hip
• Addition of caudad/cephalad glide of superior tib/fib joint (By inversion 
or eversion of ankle)
• Addition of weight-bearing and seat belt for talocrural mobilisation
• Combinations of physiological and accessory movements.
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The Home Exercise Programme (HEP)
May consist of rOM exercises and stretches, but no muscle strengthening 
exercises or coordination exercises. Knee flexion/extension exercises will be 
designated for all knee patients. exercises should be added on the basis of 
restricted physiologic movements and soft-tissue restrictions, including any 
additional regional joint treatment included in the session. the patient must be 
taught how to do the exercise correctly and prescribed number of repetitions 
and sets.
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189 nManagement of Osteoarthritis
SECTION 1
PRIMARy kNEE MANUAL THERAPy TECHNIQUES
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191 nManagement of Osteoarthritis
a-p aCCeSSOrY
the patient lines in supine.  the 
therapist selects the knee joint 
position on the basis of pain 
and irritability.
the least provocative joint 
position would be in the pain 
free range. 
If patient response allows the 
knee could be flexed to the 
onset of pain or resistance.
If patient response allows 
the joint can be placed at 
end of range flexion into the 
restrictive barrier. 
 
the therapist places the 
1st web space on the 
proximal tibia.  an oscillatory 
mobilisation (Grade 3 or 4) 
is performed in an anterior 
to posterior direction on the 
proximal tibia. 
 
tibial rotation can be added 
to most effectively reach the 
restrictive barrier.
 
kNEE FLEXION
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pateLLar MOBILISatIOnS 
the patient lies supine with 
the knee in 5-10° of flexion. 
the joint position can be 
progressed into increasing  
flexion or weight bearing if the 
symptoms are easing or minor.
Oscillatory movements (glides) 
are produced via the therapists 
thumbs or a cupped hand. the 
glides can be combined with 
rotation and/or compression to 
meet the restriction. 
Compression should be 
introduced with caution.
Medial/Lateral/Caudad/
Cephalad are selected on 
the basis of restriction. If 
no restriction is detectable 
caudad/cephalad glides should 
be used.
 
Lateral
Cephalad
Caudal
Medial
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phYSIOLOGICaL
Knee FLeXIOn 
+ valgus
+int tibial rotn
+seat belt
the therapist stabilises the 
patient’s thigh and knee against 
their body while grasping the 
patient’s ankle. the therapist 
gently brings the patient’s heel 
towards the buttock to the 
restrictive barrier.  Oscillations 
can be produced in a pure flx 
direction. (Grade 3 or 4). a seat 
belt can be added to produce 
a lateral glide of tibia through 
range if this decreases pain. 
a medial glide of the tibia can 
be produced by placing the 
seat belt around the femur 
and manually gliding the tibia 
medially.
Valgus stress can be added 
(heel lateral to buttock)
(Grade 3 or 4).
Int rotn can be added 
simultaneously. Oscillatory 
mobilisations will be performed 
through a 5-6 inch arc of 
motion. 
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phYSIOLOGICaL
Knee FLeXIOn 
+ Varus 
+ ext rotn tibia
+ seat belt
the therapist stabilises the 
patient’s thigh and knee against 
their body while grasping the 
patient’s ankle. the therapist 
gently brings the patient’s heel 
towards the buttock to the 
restrictive barrier. Oscillations 
can be produced in a pure flx 
direction. (Grade 3 or 4). a seat 
belt can be added to produce 
a lateral glide of tibia through 
range if this decreases pain. 
a medial glide of the tibia can 
be produced by placing the 
seat belt around the femur 
and manually gliding the tibia 
medially.
Varus stress can be added (heel 
to midline) (Grade 3 or 4).
ext rotn can be added 
simultaneously. Oscillatory 
mobilisations will be performed 
through a 5-6 inch arc of 
motion.
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ManUaL StretCh Knee 
FLeXIOn
QUaD StretCh, prOGreSS 
tO reCtUS FeMOrIS 
StretCh
the patient is positioned 
supine. the therapist stabilizes 
the patient’s thigh and knee 
against their body while 
grasping the patient’s ankle. 
the therapist gently brings 
the patient’s heel towards 
the buttock to the restrictive 
barrier.  the stretch is held for 
2x60 secs.
a bolster may be used to 
increase the stretch. If no 
stretch is felt the patient 
is positioned prone. the 
therapist stabilizes the pelvis 
and produces a passive flexion 
stretch by bringing the heel 
towards the buttock. the 
stretch is held for 2x60 secs.
an alternative position is with 
the patient lying supine with 
the involved Le dangling over 
the edge of the plinth.  the 
therapist sits alongside the 
involved LE and flexes the knee 
just before the point of patient 
reported stretch.
2 reps x 60 sec.
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StM QUaDS/
perIpateLLar/ItB
the patient is positioned 
supine with leg over the side 
of the plinth.  the patient’s 
quadriceps is placed on a 
stretch.  the therapist performs 
an effleurage stroke along 
the length of the quads.  the 
therapist proceeds from 
superficial to moderate depth 
of the effleurage depending 
on patient tolerance. this is 
repeated at 1" intervals.  2-3 
min.
the strokes can include the 
peripatellar area or particular 
tightness is present, circular 
massage can be concentrated in 
this area.
nOte: If the patient cannot 
tolerate this positioning the 
effleurage is performed with 
the quadriceps on stretch in a 
position that is tolerable to the 
patient.
to address the ItB position 
the patient in side lying in an 
Ober’s position modified for 
comfort. 
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aCCeSSOrIeS ManDatOrY
pa aCCeSSOrY MOBILISatIOn
(may include external rotn tibia)
the patient is positioned prone. 
the therapist selects the joint 
position on the basis of pain and 
irritability.
the least provocative position is 
with the knee flexed in a pain free 
range.
as patient response allows the 
knee is positioned in more ext at 
the onset of pain or resistance.
 as patient response allows the 
joint is positioned at eOr ext at 
the restrictive barrier.
the therapist uses their thumb 
pads or the heel of their hand to 
impart oscillatory movements in 
the pa direction.
the other hand can be used to 
move the lower end of the tibia 
parallel with the proximal end
Or: the distal tibia can be lifted 
slightly to combine PA with knee flx
Or: the distal tibia can be lowered 
to combine pa with knee ext
Or: external rotation may be 
added.
the patient is positioned supine. 
The knee is positioned in flexion 
and progressed to extension as 
patient response allows.
the therapist grasps around the 
proximal and of the tibia. the 
thenar eminence of the lateral 
hand produces an ap movement 
while simultaneously the fingers 
of the medial hand produce a pa 
movement, resulting in a lateral 
rotation of the tibia on the femur.
   
kNEE EXTENSION
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phYSIOLOGICaL Knee 
eXtenSIOn
+ valgus/varus
+ seat belt
+ AP glide 
the therapist places the heel 
of one hand over the proximal 
tibia while the opposite 
hand supports the lower leg. 
an oscillatory movement is 
performed to the restriction of 
extension.
Valgus (pictured) or varus 
stress can be added if it 
produces a pain response or 
adds to the restriction.
a seat belt can be used to 
produce medial or lateral 
glide of the tibia as previously 
described.
an ap glide can be added to 
the oscillatory movement if 
it reproduces pain or stretch 
to the posterior aspect of the 
knee joint. 
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ManUaL StretCh
Initial Session dropped if goal 
reached – follow up sessions
haMStrInGS
(drop if 90/90 test <30ºfrom 
full knee ext)
the patient is positioned supine 
with knee extended.  the 
therapist grasps the involved 
LE and flexes the hip while 
maintaining knee extension to 
the point of stretch.
2 reps x 60 sec. 
MANUAL STRETCHES
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GaStrOC
(drop if 
d/flx<10º with knee ext
d/flx<20º with knee flx)
the patient is positioned 
supine with the knee as close 
to full extension as possible. 
the therapist grasps the 
middle of the tibia with one 
hand to maintain eOr knee 
ext. With the other hand the 
therapist cradles the heel and 
uses their forearm to produce 
dorsiflexion of the ankle. 
Stretch should be felt in the 
posterior aspect of the calf.
2 reps x 60 secs. 
201 nManagement of Osteoarthritis
StM
Initial Session dropped if goal 
reached – follow up sessions 
haMStrInGS
(drop if 90/90 test <30ºfrom 
full knee ext)
the patient is positioned prone 
with leg over plinth placing 
the hamstring on stretch.  
the therapist performs an 
effleurage stroke along the 
length of the hamstrings.  this 
is repeated at 1" intervals.  2-3 
min.
nOte: If the patient cannot 
tolerate this positioning the 
effleurage is performed with 
the hamstring on stretch in a 
position that is tolerable to 
the patient. e.g. as pictured for 
hamstring stretch
aDDUCtOrS
StM for the adductors is 
included either in StM for 
hamstrings or quads. 
GaStrOC/ SOLeUS StM
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(drop if 
d/flx<10º with knee ext
d/flx<20º with knee flx)
the patient is positioned 
prone with ankle over the edge 
of the plinth.  the therapist 
places the ankle in dorsiflexion 
through contact with his thigh.  
the therapist performs an 
effleurage stroke along the 
length of the gastrocs (making 
sure to cross the knee joint).  
The amount of dorsiflexion 
and depth of StM depends 
on patient tolerance. this is 
repeated at 1" intervals.  2-3 
min
nOte: If the patient cannot 
tolerate this positioning the 
effleurage is performed with 
the gastroc on stretch in a 
position that is tolerable to the 
patient. 
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SECTION 2
ADDITIONAL REGIONAL TECHNIQUES
5 minutes maximum per impairment
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LOnG aXIS DIStraCtIOn / 
thrUSt
the patient is positioned 
supine. the therapist grasps 
involved leg, above malleoli. 
the patient’s hip is placed 
in 15-30º flexion, 15-30 º 
aBD, slight er. the therapist 
performs an oscillatory passive 
accessory mobilization force 
inferiorly feeling for the 
restrictive barrier and imparts 
a thrust in an inferior direction. 
progression of the distraction 
position into more abduction 
to gain further rOM.  repeated 
5 x’s.
 
DECREASED HIP MOTION
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SeatBeLt  GLIDe Or 
DIStraCtIOn teChnIQUeS: 
Caudal/Lateral Glide 
progression
the therapist uses a 
mobilization belt placed firmly 
in the patient’s hip “crease”. 
The therapist flexes the 
patient’s hip to the restrictive 
barrier. the therapist uses 
their body to apply a caudally/
laterally directed force to the 
proximal thigh and performs an 
oscillatory passive accessory 
mobilization force. the amount 
of hip flexion, rotation, & add/
abduction can be varied to 
find the position of optimal 
mobilization.
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DECREASED HIP FLEXION, ADDUCTION, INTERNAL ROTATION
anterO-pOSterIOr 
prOGreSSIOn
(posterior glide)
the therapist places the 
patient’s lower extremity with 
the hip in a position of flexion, 
adduction, and internal rotation. 
the therapist uses his body to 
impart an oscillatory, passive 
mobilizing force to the postero-
lateral hip capsule through 
the long axis of the femur. the 
technique is progressed by 
adding more flexion, adduction, 
& / or internal rotation.
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pOSterO-anterIOr 
prOGreSSIOn
(anterIOr GLIDe)
With the patient in prone 
the therapist grasps and 
supports the patient’s lower 
extremity with his arm. the 
therapist places either the 1st 
web space, thenar eminence, 
or hypothenar eminence of 
his right hand just inferior 
and medial to the greater 
trochanter. the therapist brings 
the patient’s hip into varying 
degrees of flexion/extension, 
abduction/ adduction, and 
internal/ external rotation to 
find the vector of force that 
most effectively stretches the 
hip. the therapist imparts an 
oscillatory, passive mobilizing 
force through the proximal 
femur in a posterior to anterior 
direction. the stretch should 
be felt by the patient in the 
anterior hip region.
tIp: to progress the technique 
the therapist increases the 
amount of extension, adduction, 
and internal rotation. 
 
Can also modify by progressing 
into FaBer position. 
With the patient in prone the 
therapist brings the patient’s 
hip into varying degrees of 
flexion, abduction and external 
rotation.  If the patient is 
extremely stiff, start with 
patient’s lower extremity on a 
stool. Progress to lying flat on 
the table when able.
DECREASED EXTENSION, ADDUCTION, INTERNAL ROTATION
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DECREASED INTERNAL ROTATION, EXTENSION
InternaL rOtatIOn In 
prOne
The therapist flexes the 
patient’s knee to 90 degrees 
and ensures that the hip is in 
neutral or slight adduction. 
the hip is internally rotated 
until the contralateral ilium 
raises approximately 1-2 inches 
from the table. the therapist 
stabilizes the lower leg and 
imparts an oscillatory, passive 
mobilizing force through the 
contralateral pelvis.
nOte: If the patient 
experiences knee discomfort, 
grasp the distal thigh and place 
your forearm along the medial 
aspect of the patient’s tibia.
alternatives: Can stabilise 
knee/leg to oscillate pelvis or 
stabilise pelvis to oscillate leg.
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SOFT TISSUE MANIPULATION (STM)
StM tO LateraL anD 
pOSterIOr hIp
the patient is positioned 
sidelying in the recovery 
position. the therapist 
performs an effleurage stroke 
with the posterior/lateral hip 
musculature on stretch.  this 
repeated at 1" intervals.  2-3 
min.
nOte: If the patient cannot 
tolerate this positioning the 
effleurage is performed with 
the posterior/lateral hip 
musculature on stretch in a 
position that is tolerable to the 
patient.
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STRETCHES – HIP ER
ManUaL GLUteUS/ 
InternaL rOtatOr 
StretCh
the patient is positioned 
supine.  The therapist flexes the 
patient’s knee to 90, flexes and 
externally rotates the hip to 
the point of stretch.
alternate position is patient 
prone, with the pelvis stabilised 
2 reps x 60 sec 
hIp eXternaL rOtatOr 
StretCh
the patient is positioned 
supine. The therapist flexes the 
patient’s knee to 90 degrees 
and ensures that the hip is in 
neutral or slight adduction. the 
hip is internally rotated until a 
stretch is felt at the anterior 
hip. 
alternate position is patient 
prone. (see description of 
internal rotn in ext).
hold stretch for 2x60 secs 
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ANkLE jOINT
LOSS OF anKLe 
DOrSIFLeXIOn
d/flx<10º with knee ext
d/flx<20º with knee flx)
rearFOOt DIStraCtIOn 
ManIpULatIOn
the therapists grasps the 
dorsum of the patient’s foot 
with interlaced fingers and 
provide firm pressure with both 
thumbs in the middle of the 
planar surface of the forefoot 
engage the restrictive barrier 
by dorsiflexing and everting 
the ankle & applying long 
axis distraction. the therapist 
pronates, everts, dorsiflexes the 
foot to fine-tune the barrier. 
the therapist then applies a 
high velocity, low amplitude 
thrust in a caudal direction. 
If the therapist feels that the 
distraction is occurring at the 
talocrural joint, attempt again 
with more pronation/eversion 
and “scooping” motion at the 
rearfoot/subtalar joint before 
the distraction manipulation.
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ap taLO-CrUraL 
aCCeSSOrY
the therapist uses their left 
hand to firmly stabilize the 
lower leg at the malleoli. the 
therapist then grasps the 
anterior, medial, and lateral 
talus with your right hand and 
applies an anterior to posterior 
oscillatory mobilization force 
to the talus. (Grade 3 or 4).
 
The amount of dorsiflexion can 
be adjusted to meet restriction 
allowed by patient response.
the treatment can be 
progressed into weight bearing 
in a lunge position on a chair.
this could be reinforced by 
an anterior glide of the tibia 
produced by a seat belt.
progression:
Increase ankle dorsiflexion 
before imparting anterior to 
posterior force to talus. 
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phYSIOLOGICaL 
DOrSIFLeXIOn OF anKLe
as per gastroc stretch but 
oscillatory movement to point 
of resistence.
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LUMBOPELvIC HyPOMOBILITy
LUMBOpeLVIC 
ManIpULatIOn
the supine manipulation 
technique is performed in the 
following fashion. the side to be 
treated will be the side with the 
painful heel. In the figure the 
side of the painful heel is the 
left. the physio stands opposite 
the side to be treated and 
translates the pelvis towards 
them and maximally side-bend 
the patient’s lower extremities 
and trunk away from them and 
towards the side to be treated.
Without losing the left 
sidebending the clinician lifts & 
rotates the trunk so the patient 
rests on their right shoulder.
the therapist contact the 
patient’s left aSIS with their 
right hand. Once the left aSIS 
starts to elevate, perform a 
smooth thrust in an anterior to 
posterior direction. 
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LUMBar rOtatIOnaL 
ManIpULatIOn
(described for L4/ L5)
For the sidelying manipulation 
the clinician will place the side 
of the painful heel up. In the 
figure the painful heel is the left. 
The therapist flexes the top leg 
until they first begin to palpate 
motion at L4-L5 interspace 
and then place the patient’s 
foot in the popliteal fossa as 
shown. the therapist grasps the 
patient’s right arm and shoulder 
and induce right sidebending & 
left rotation until the therapist 
begins to palpate motion at the 
L4-L5 interspace. the therapist 
places the left thumb on the 
left side of the L4 Sp & position 
the patient’s arms around their 
left arm. While maintaining the 
setup the therapist log rolls the 
patient towards them. While 
monitoring the right side of 
the L5 Sp, the therapist uses 
the right arm to induce a high 
velocity, low amplitude (hVLa).
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LUMBOpeLVIC 
MOBILIZatIOn 
If the patient is unable to 
tolerate either of the above 
manipulative positions.  the 
patient sits at the end of the 
plinth.  the therapist imparts 
a joint glide and performs 
pain free arOM to improve 
lumbar flexion or extension 
limitations.   
StM tO paraVerteBraL 
MUSCLeS
patient is positioned prone. 
Alternate effleurage strokes are 
performed to the paravertebral 
muscles on either side of spine.
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prOXIMaL tIBIO-FIBULar 
JOInt pOSterIOr tO 
anterIOr ManIpULatIOn
the therapist places their 2nd 
MCp in the popliteal fossa, 
then pulls the soft tissue 
laterally until your metacarpo-
phalangeal joint (MCP) is firmly 
stabilized behind the fibular 
head. the therapist uses their 
right hand to grasp the foot 
and ankle as demonstrated to 
externally rotate the leg and 
flex the knee to the restrictive 
barrier (the therapist should 
feel firm pressure from the 
fibular head over the palmar 
aspect of your MCp). Once 
at the restrictive barrier, the 
therapist applies a high velocity, 
low amplitude thrust through 
the tibia (direct the patient’s 
heel towards his ipsilateral 
buttock). 
ap pa  aCCeSSOrIeS
the patient is positioned in 
side- lying. they may require 
padding between the knees 
for comfort. the therapist is 
positioned at the side of the 
bed level with the knee joint. 
the therapist places the thenar 
eminence of the treating hand 
over the anterior or posterior 
aspect of the fibula head and 
then imparts a horizontal force 
to produce the joint glide. 
 
PROXIMAL TIBULA FIBULA jOINT
(lateral knee pain, including superior Tib/fib joint)
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StM tO ItB anD  pOpLIteaL 
FOSSa
the patient may be positioned 
in sidelying or prone. the 
knee is extended as fully as 
possible. 
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A guide to non-surgical intervention 
Including the exercise therapy and manual therapy 
treatment protocols used in the MOA Trial 
 
 
The MOA programme of research investigates the 
Management of Osteoarthritis (MOA) at the interface between 
primary care and secondary care, with an emphasis on the 
contribution of non-pharmacological, non-surgical 
interventions; primarily exercise physiotherapy and manual 
physiotherapy.  
 
The MOA Trial intervention protocols described in this book 
were studied in a randomized, controlled trial (RCT) designed 
to investigate the benefits and costs of physiotherapy for 
improving pain and physical function in people with OA of the 
hip or knee. Patients were randomly allocated to one of four 
groups: exercise physiotherapy; manual physiotherapy; 
exercise plus manual physiotherapy; usual medical care only. 
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